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PBEPACE. 



Thb Lectures containcil in this volume have been delivered 
at Gbesham College dnring the last two years. In response 
to various requests, and by the kind and liberal assistance of 
the GBRSHAjr Comsiittee of the City of London, to whom the 
anthor desires to tender liis gratffnl thanks, they are now 
published. 

In the description of the Planets and Satellites which 
they contain, such information as may be found in almost 
every astronomical text-book is briefly recapitulated ; that 
which is less familiar, or of recent announcement, is discussed 
more fully. In the case of the Sun and Moon it has only been 
possible to mention a few points of special iotflrest. Those 
who desire fuller information may consult the larger works 
of Professor Young, Mr. Proctor, and the late Padre Secchi, 
npon the Sun ; of Mr. Neison, Mr. Proctor, and others, upon 
the Moon. The time and space at the author's disposal have 
prevented him from making more than a passing reference to 
the cometary and meteoric members of the Solar System. 

A Gresham Lectureship only provides for the employment 
of a limited amount of time in the duties of the office. It is 
extremely ditficnlt for one who holds it to maintain a satis- 
factory acfjuaintauce, amidst the press of other work, with 
the i-ast range and the startlingly rapid progress of such 
subject as Astronomy, for the study of whieh the longest 
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VI PREFACE. 

lifetime is far too short. Information as to any errors or 
misprints in this volume will therefore be most gratefully 
received. 

Although the Lectures have been printed from the original 
manuscript used in their delivery, alterations and additions 
have been freely introduced. At Gresham College they were 
copiously illustrated by means of a lime-light lantern. The 
illustrations now supplied are necessarily far less numerous. 

In accordance with the author's usual practice in his Lec- 
tures, references for further information are in general made 
to such works upon Astronomy as are most easily accessible, 
rather than to the original authorities, which he has himself 
in almost every instance consulted. 

• In footnotes various numerical calculations are introduced. 
When it is possible to obtain a result by means of arithmetic 
it seems advisable that the process should be shown. School- 
masters, pupil-teachers, and others have attended the Lectures, 
who have found such problems useful and interesting. 

8ome readers may perhaps think that too much space is 
given to the celestial phenomena which would be seen by an 
observer upon the various planets. Their investigation, how- 
ever, affords a useful mental exercise, and enables a student 
to realize more easily other celestial movements, a thorough 
acquaintance with which is essential. 

So rapid is the progress of Astronomy, that, even while the 
present volume has been passing through the press, advances 
have occurred which have rendered some of its pages almost 
antiquated. The only reference to Dr. Siemens' theorj' of the 
Conservation of Solar Energy is in a footnote printed verv 
shortly after his Memoir was read to the Royal Society, and 
before it had been possible properly to appreciate it. In like 
manner it has been impossible to discuss Professor Langley's 
researches with regard to the atmospheric absorption of the 
Pun's radiations and the relation of the possible temperatures 



upon ihe surfaces of the various plauets to the constitution of 
their gaseoos envelopes. 

In the preparation of the Locturea most existing manuals 
and popular works upon Astronomy were freely employed, but 
the references were not in every case retaiued, as they were 
not needed for vied voce use. Tlie author has, however, en- 
deavoured to record hia indehtedoess wherever it was possible. 
Any omission to do so is quite unioteatioual. 

He begs to state that he owes much to Mr. Proctor's works, 
especially to those upon the Moon and Saturn ; to various 
volumes and articles by Mr. Lockyer; to Mr. G. F. Chambers' 
" Handbook of Descriptive Astronomy ; " to many pages of the 
Obeervatori/ ; to Sir G. B. Airy's "Ipswich Lectures;" to Pro- 
fessor Newcomb's "Popular Astronomy ;" to Grant's " History 
of Physical Astronomy;" to Sir G. Herschel's "Outlines of 
Astronomy;" to Professor Young's "Treatise upon the Sun;" 
to Dr. Ball's " Elements of Asti-ouomy ; " to the " Annuaire of 
the Bureau des Longitudes," and to that of the Hoyal Obser- 
vatory of Brussels ; to Sir E. Beckett's " Astronomy withont 
Mathematics;" and to the Hcv. T. W. Webb's "Celestial 
Objects for Common Telescopes." 

He tenders his thanks, for much kind advice and informa- 
tion, to the Astronomer Royal ; to Dr. Hngginn, for very 
valuable assistance, particularly in connection with Lecture 11. ; 
to Dr. Hind, Superintendent of the Nautical Almanac ; to Mr. 
Dale, Fellow of Trinity College, Cambridge ; to Mr. Bentley, 
who has allowed two diagrams to be copied from the English 
edition of Guillemins "The Heavens"; to M. Niesten, for 
permission to reproduce a drawing of the orbits and distri- 
bution of the Minor Planets ; to Mr. N. Green, for his most 
liberal loan of the lithographic stone of his chart of Mars ; 
to the Council of the Royal Astronomical Society, for the 
picture of the Sun's Corona in Plate IV"., and for the 
views of Jupiter in Plate VIII. ; to Mr. G. D. Hirst, who 
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presented these last-named views to the Society ; to Mr. 
Trouvelot, whose drawing of Saturn is shown in Plate IX. ; to 
Mr. Nasmyth, for the plate of the lunar mountain, Copernicus ; 
to Mr. G. F. Chambers, for ten woodcuts (six of which are 
from his "Handbook of Descriptive Astronomy"), and for 
permission to reproduce two others ; to Messrs. Kegan Paul, 
Trench, & Co., who have kindly supplied the copies of a 
photograph of the Moon, by Mr. Rutherfurd ; to Mr. W. H. 
Wesley, the Assistant Secretary of the Royal Astronomical 
Society, for invaluable assistance in the preparation of nearly 
all the woodcuts, and of Plates II., III., VII., VIIL, and IX. ; 
to Mr. W. T. Lynn, who has carefully revised the proof 
sheets, and whose suggestions whilst doing so have not only 
much contributed to the accuracy of the statements made in 
the volume, but have afforded important additions to its infor- 
mation. The kind assistance of many other friends has also 
been most helpful. 

"With what a perfect, world-revolving power, 
Were first th* unwieldy planets launched along 
Th* illimitable void ! Thus to remain 
Amid the flux of many thousand years, 
Unresting, changeless, matchless, in their course ; 
To night and day, with the delightful round 
Of seasons, faithful ; not eccentric once : 
So pois*d, and perfect is the vast macliine ! *' 

Grksuam College, 
October^ 1882. 
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ADDENDA ET CORRIGENDA. 



S, lino 14, hrfore the Sun inaert a point upon. 
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181, „ 2 of footnote, qfUr perpendicular to tMert and in the same plane with. 
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In connection with the footnote, p. 206, Lecture IX., reference may be made to Xoim ««if 
QHtfri«t of September 30th, 1882, where the etymology cf the name of the mountain called 
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LECTUEE I. 

THE SUN. 

Sire ot the scftBons I Monarch o( the climee 
And those irbo dwell in them t for, near or far, 
Our iubom Bpirila have a lint of thcc. 
Wen as our outward aspects." 

The progress of astronomical science duriag the last five-and- 
twenty or thirty years has been so rapid as almost to approach 
the marvellous. This statement is true of astronomy as a 
whole ; but it ap]ilies with especial force to the advances that 
have been made in the study of the Sun's pliysical constitntion 
and condition. Discovery has followed upon discovery, and 
victory npon victory, as astronomers have stormed one outlying 
fortresa after another of tho Sun's hidden secrets, which, ontU 
lately, appeared impregnable. At the same time, the more the 
horizon of our knowledge widens, the less we seem to know, in 
contrast with the botmdless field of still untrodden truth that 
each successive step opens to our view when we turn our 
thoughts to the Suu. 

It is therefore not only in order to expatiate upon past 
triumphs that we begin our discussion of the Solar system by 
drawing the attention of our readers to that great luminary, with- 
out whose (]uickening rays and potent sway tlie Earth would, in 
a few brief days, or weeks, become a frozen desert, and the whole 
family of planets a wild band of rioters ; but we have a still 
more cogent reason for doing so in the intense aud increasing 
intfirest which must inevitably attend the study of the Sun for 
many a year to come. We can confidently affirm that thia 
must be the case, when we notice the very remarkable manner 
jn, which this branch of astronomy is linked to othw V«At^ 

ft. :_ 
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sciences. The discoveries which have recently been effected 
in chemistry and physics by means of the spectroscope ; in- 
vestigations as to the simple or compound nature of substances 
hitherto classed as elementary ; refined 'researches into the 
phenomena of the highest obtainable vacua ; the most advanced 
methods of photography; and some of the most important 
problems of meteorology, magnetism, and electricity, are all 
found to be intimately connected with the study of the Sun's 
physical condition. 

But before we discuss other points of greater fascination^ 
and in some respects of deeper interest, it may be well, by way 
of preface, to explain what has been accomplished by means 
of astronomical observations, and by other scientific methods, 
towards an accurate determination of the most fundamental 
portion of all our knowledge of the Sun, viz., its distance from 
the Earth. For our greatest hindrance in all investigations 
of its condition is the vastness of that distance ; and the 
importance of its more accurate determination has of late been 
brought into special prominence in connection with the transits 
of Venus of December 8th, 1874, and December 6th, 1882 ; the 
latter of which will happily (weather permitting) be partly 
visible at Greenwich. 

To find how far the earth is from the Sua is a problem well 
worth solving, for almost every other astronomical measure- 
ment depends upon it. But it is in no wise an easy probleou 
It gives scope for the most refined investigations, and yet it 
is one in which, we believe, even those who have had very 
little scientific or mathematical learning may take an intelli- 
gent interest. Its direct solution by the ordinary methods, 
used in a terrestrial survey is altogether impossible. A sur- 
veyor measures the distance between two stations, a and b, a* 
in Fig. I., and observes with his theodolite the directions in 
which a distant object, s, is seen from them. He is then, in 
general, able, by means of certain trigonometrical formula*, to 
calculate the distance of that object from eitlier of his stations. 
But, in order to use his formula* with success, it is essential 
that the triangle formed by hues joining the stations with each 
other and with the distant object, be what is termwl a n:ell^ 



conditioned triangle. Thia involves that the distance of the 
places of observation from oue another must not be, as they 
are ia Fig. II., very small compared with their distances from 
the object. In such a case the formula fail to give any 
accurate or useful result. 

Now, if we attempt to apply the above method to the 
determination of the Sun's ilistanci'. it is easy to see that we 
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tthall not only have au ill-conditioueJ, but an exceedingly ill- 
conditioned triangle to deal with. 

Tlie utmost distance, ab, measured in a straight line, 
between any two stations that we can select upon the Earth, 
is equal to the length of its diameter, whicli is rather under 
8,000 miles. And tJiis is less than the irinuf'^h P^rt of the 



distance, \s or ns, from any such btution lo the Sun, or 
very nearly in the ratio of one incli to a thousaud feet. 

It may, however, l»e remarked that if the ubove-dcBcrihed 
Hiirveying method could lie used, the trigonometrical formnI» 
involved would equally well determine, eitliei' the long sides of 
such ft triangle, corresponding to the Sun's distance, or the 
very small angle Ijetween them. This angle (ask in Fig. II.) 
is evidently thai which is subtended at the Sun by the straight 
line joining the two points of observation ; or, in the most 
favourable rase possible, hy the lengtli of the Earth'e (lia.TB,'ft^\. 
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In agreement with a nomenclature used in other astronomical 
calculations, one-half of this angle, or one such as the Earth's 
radius of 4000 miles would subtend at the Sun, is called the 
Solar Parallax. It will, therefore, be understood, that, 
whether we speak of the determination of the Sun's distance, 
or of the Solar Paralkuv, the same astronomical problem is 
involved. 

In place of the surveying method, which is for the above 
reason inapplicable in the case of the Sun, notwithstanding 
that it is most useful and ejficient when applied to terrestrial 
measurements, or even to determine the distance of the Moon 
from the Earth, other methods, less direct, but more 
interesting, are therefore employed. Of these, that which 
depends upon observations of transits of the planet Venus 
across the Sun's disc is the most generally known and the 
most full of popular and historical interest, although the estima- 
tion of its scientific value has, as we shall presently see, of late 
decidedly diminished. 

To two young Englishmen, Jeremiah Horrox, Curate of 
Hoole, Lancashire, and William Crabtree, a clothier, or draper, 
of Broughton, near Manchester, and especially to the former, 
whose early death cut short a career of the highest promise, 
belongs the credit of observing the first recorded transit of this 
planet, on November 24th, 1639 (O.S.) Horrox calculated the 
date before its occurrence, and communicated it to his friend Crab- 
tree. These two enthusiastic students had for some time been in 
the habit of corresponding with each other, and with Samuel 
Foster, who was afterwards Professor of Astronomy in Gresham 
College, and they arranged to observe the transit by a method 
which may still be found useful by those who are not possessed 
of elaborate mechanical appliances, viz., by allowing the light 
of the Sun to pass through a very small hole in a shutter^ 
so as to form a distinct image upon a screen in a darkened room. 
Horrox tells us that at a quarter past 3 p.m., an opening in 
the clouds rendered his observations successful. " Oh, most 
gratifying spectacle 1 " he says, " the object of so many earnest 
wishes. I perceived a new spot of unusual magnitude, and of 
aperfectly round form, that had just entered upon the left limb 






of the Snn, so that the margins of the Sua and spot coincided 
with each other, forming the angle of contact." * Crahtree 
vfftM also fortunate iu obtaining a brief view of the transit, by 
which he continued the observations of Horrox. 

The orbits and periodic times of the Earth and Venus are 
each that two transits of the latter occur at an interval of only 
eight years, after which considerably more than a century 
elapses, in which there is none. Then there are two more, eight 
years apart ; then another long interval, and so ou ; everj- alter- 
nate two taking place in December and June respectively, t 

Tlie transit of December 1639 having been preceded by one 
which had passed unobserved iu December 1031, the next two 
did not take place until Jnne 1761 and June 17G9. In 1716 
Dr. Halley liad exjilained the importance of an idea originally 
suggested by James Gregory, in his Optica Proinota, pub- 
lished iu 10113, that these transits might be utilised for the 
determination of the Sun's distance. As the time approached, 
the English Government, as well as those of other countries, 
consequently maiie liberal arrangements for the necessary 
observations. In 1761 the observers were not very successful; 
but in 1769 they were much more fortunate, and a discussion 
of all the results which they obtained indicated that the Sun's 

• Gnint'd '■ History of Antronomy," p. 421. See also Horrox, " Venua 
ia Sole visa," trnnalnted in hie Memoir by the Rev. A. B. Whntton. 

i The plane of the orbit of Venua being very slightly inclined to that 
of tbe Earth, and thirteen of ila revolutions round the Sun occupying 
only one dny le.<ui than eight of those of the Earth, the positions of the 
two relatively to the Sun are almost exactly reproduced after the lapse 
of eight j'oai's. There is. however, n slight residual diSecence of place, but 
so small that it permits the occurrence of two succeasive transits separated 
by the above short interval. ItiH, however, sufficient to prevent the almilar 
1^ of a third. And the very slowness with which the discrepancy 
ses, is at the same time the cause of the rapid 
t, and of the long interval before another pair 
16 were to suppose two men to start at the same moment 
ound two concentric circular courses, the one running 
per hour, and the other at mile^ per hour ; then, if 
e IH miles round, and the second 25 miles, it is 
that the first would ttiko33| hours to go thirteen times roundhisi 
tbe second wonld take 331 hour* to go eight times round his lonfter 
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distance must lie between 92,000,000 and 96,000,000 miles. 
Aboat fifty years afterwards, Encte, as the result of an 
elaborate investigation, came to the conclusion, that the most 
probable distance thus deducible was between 95 and 95J 
millions of miles ; and this value was thenceforth generally 
adopted by astronomers. 

Some subsequent investigations have, however, indicated 
that a right understanding of the records of 1769 might have 
given a considerably smaller value ; and other methods of 
solving the problem having also favoured this supposition, the 
transit of December 8th, 1874, was almost impatiently awaited. 
We shall be better able to estimate the value of the conclusions 
obtained from it, if we pause for a few moments to explain 
the exact nature of the observations which are made at such 
times, and the especial difficulties which they involve. 

It is found that different places upon the Earth may see the 
planet begin to enter upon the ISun's disc, or leave it, at moments 
which may differ by more than twenty minutes. It also 
follows that if such places be so situated that they can see 
both the beginning and the end of the transit, the whole dura- 
tion of it as witnessed from them may by no means be the 
same. In fact, this difference of duration may exceed half an 
hour, as was the case in 1874. This effect is a, joint result of 
two causes. 

i,e,, at the end of 33i hours they would have both very nearly completed a 
whole number of rounds, except that the first would need -fj of an hour, or 
rather less than 6 minutes, more to finish his thirteenth round. If, there- 
fore, when they started, they were in a straight line, passing through the 
common centre of the two courses, they would at the end of 33 i hours be 
within 6 minutes of passing across the same straight line exactly together 
again. But the smaller the defect from an exact agreement of time in their 
so passing, the longer would be the interval and the greater the numl)er 
of rounds before the agreement would be perfect. This illustration may 
perhaps help to explain the somewhat similar behaviour of the Earth and 
Tenus, although the length of the circumferences of their orbits is 
immensely greater than that of the short course-t suggested for the 
runners ; and the actual speed of Venus would bring it slightly before, 
instead of shghtly behind the Earth, at the end of its thirteenth revolution. 
Otherwise, the comparative speeds and the lengths of the courses are very 
nearly in the actual ratios of those of the two planets. 



Of these ooe ie the rotation of the Earth, by which any place 
npoD its surface is moved with a velocity whose magnitude and 
direction at any time depend upon its latitude and longitude. 
This produces an apparent motion of Venus iu the reverse 
direction across flie .Sun's disc, and may either tend to shorten, 
or to lengthen, the transit according as the plaa^ of observation 
is carried round upou the same Hide of the Earth's axis as 
Venus, or upou the opposite side. An observer at either pole 
of the earth, wlio would be unmoved by its rotation, would of 
course experience no such etfect. 

The other cause by which a difference of duration is produced 
ia the ditference of the directions in which, owing to their distance 
apart upon the Earth, auy two pl«:es, at any given moment, look 
at the planet. The liues joining them to it will consequently 
neither meet the Sun's edge at the same point of its circum- 
ference, nor at the same instant of time. Two such places, 
indt»ed, look at the planet in directions which differ just 
aa do those in which the surveyor, in the method previously 
indicated iu Figs. I. and II., looks at a distant object from his 
stations. It is when, and where, those directions intersect the 
tdge of the solar disc that the transit is seen to begin, or to 
enii. One place may frfiui this cause see the planet enter upon 
the disc sooner than another, and leave it lat«r, or vice versd. 
And its path across the Hun seen from the one station will 
appear to he longer, or shorter, than that which is seen from 
the other; and will, in the former case, at the middle of the 
transit, pass correspoudingly ueai-er to the centi-e of the Sun's 
disc. 

Nor is it hard to under^itand that the angle between the lines 
of sight in which Venus is seen from the two places of observa- 
tion will be as much greater than the difference of the direc- 
tions in which they look at the Sun, as Venus, when seen in . 
transit, is nearer than the Sun ie to Che Eartli, i.e., about 3 >^uihiki 
times. But even such a difference of direction as this is still ' 
much too small for the a]>plicatioii of the surveying method ; * 



* We are, moreover, unable to use the actual duplacemeut of the 
poRtion of yeniw (caused lij the difference of the directionH in which it 
is 1oolc«>d Ht), as we are coniidering its dixplacement upon or relatietlg to 
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otherwise, upon the occurrence of a transit, we might by that 
means calculate our distance from Venus, and a simple sum 
in proportion would give our distance from the Sun. 

It will, however, be a very different matter if, instead of 
observing the angles corresponding to two such directions of 
observation, we can use, as the foundation of our calculations,, 
an interval of time which may amount to twenty or thirty 
minutes. Such an interval may either be the difference of the 
whole duration of a transit, or the difference of the moment 
when it begins or endsy as seen from two places upon the 
Earth. 

K only its beginning or its end is observed at each station^ 
the method is termed that of Delisle, This method, however,, 
is found to involve the disadvantage, that, in order to deduce 
the Sun's distance, the longitudes of the stations must be deter- 
mined with extreme accuracy. And this is often a matter of 
very considerable difficulty. 

If, on the other hand, the difference of the whole duration of 
the transit, as seen from two selected localities, is used, the 
method is called that of Halley. In this case both places 
must see its beginning and its end. They will, in general, see 
it throughout its continuance, although it may happen in 
places not far from the poles, that the beginning may occur 
before sunset, and the end after the next sunrise, a short Arctic 
night having intervened. 

The Hall cyan method very much restricts the choice of 
localities, but it does not need the accurate determination of 
their longitudes. Its efficient application involves the use of 
stations so far apart in north and south latitude, that access to 
some of them is usually very inconvenient, if not impossible. 
The difference of latitude helps to separate the paths by 
which the planet is seen to cross the Sun, and consequently 
to increase the difference between the durations of its transit. 
It must not, however, be forgotten that this difference of 
duration will also be much affected (and sometimes to a still 

the, SuHj which is itself correspondingly displaced. The above 31 timeH is. 
therefore reduced to 2| times. 



greater extent than by tlie utmost possiUe cliauge of the- 
ob8erver'8 latitade) by the correapondiQg effect of the Earth's 
rotation acting, in various latitudes and longitudes, as we hare^ 
previously descrilw-'d, lu selecting stations, both of these con- 
siderations must be, therefore, taken into account. 

The methods of Delisle and of Halley liave conaequently 
tlieir respective advantages and disadvantages. Either may 
give, as the result of careful calculations, a veiy accurate 
determination of the Snu's distance, /jropjV/f*/ it be pogsible to 
obserce aatis/actorily the exact moment at which the Mac of the 
planet enters, or leaves, that of the Sun. But in attempting to 
do tlus, moat annoying difficulties were experienced in 1761 and 
1769. And again iu 1874 similar troubles recurred. It is 
found, owing to effects which depend upon the diffraction of 
light, and perhaps, also, upon some other causes (not yet fully 
explained), connected with slight imperfections iu our instru- 
ments, and with certain peculiarities of human vision, that it is 
impossible to say exactly when the edges of the two discs just 
tocch externally (which is called external contact), or even to 
say exactly when the whole of the [danet's disc is just inside 
that of the Sun (which is called intermd contnct). If we take, 
for example, the beginning of the transit, it may in the first 
case be hard to be sure that the contact exists, until all at once 
it suddenly seems that one disc has encroached some consider- 
able distance upon the other. In the second case, when the 
decisive moment is jnst approaching, the planet may appear to 
be gradually elongated into a somewhat pear-like shape, its 
edge for a while clinging to that of the Suu ; then, perhaps, a 
dark filament is noticed joiuiug the two, which more or less 
suddenly fades and vanishes away, leaving the planet's disc 
80 far within that of the Sun, that a very ajipreciable space 
separates the edges of the two. 

Very similar phenomena occur iu a reversed urder at the end 
of the transit. The bewildered observer cannot decide at which 
instant of these proceedings the actual contact has taken place. 
He is also often confused, in the ease both of internal and 
external contacts, by a narrow line of light surrounding Venus, 
supposed to be [iroduced by its atmosphere, which, at the time 
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of contact, uiiites in a very trmililosODR' maimer with the 
bright surface of the Snn.* 

Upon the whole it follows that tho value of transits of 
Venus for the determiniktion of the Sun's itiatauce is very 
much (timiuiBhecl. Tho final results of the most elaborate 
-calculations vary, to a very important extent, according to the 
interpretation which we put upon the language used by the 
■obseirers in describing what they have seen, and the ileductioaa 
coaaeqaently drawn as to the exact instants at which they 
Tealiy beheld the occurrence of the contacts. 

It may suffice to state that the first, and somewhat hurried, 
result of the British expeditions sent ont to observe the transit 
■of December 8th, 1874, which was presented to Parliament in 
1877,gave 93,300,000 miles (afterwards altered to 93,37.'),OO0) a« 
the most probable distance of the Earth from the Snn, witli a 
possible error in excess or defect of about 140,000 miles. The 
above was a mean value of the results given by observations 
of the beginning of the transit, and of its end, four times as 
much weight (owing to certain circumstances) being attached 
to the former as to the latter. These results, however, diflered 
by more than 1,150,000 miles. 

Bat Mr. Stone (now Radcliile Observer at Oxford), from a 
careful and elaborate discussion of these same observations, 
came to a very different conclusion, viz., that the solar distance 
■could hardly fall short of 91,500,000, nor exceed 92,500,000 
miles ; and that somewhat less than 1)2,000,000 miles was the 
most probable value, A further discussion at Oreenwich, by 
Colonel (at that time Captain) Tupman, to whose Buperinten- 
dence of the British Expeditions science is very deeply indebted, 
gave a value between 92,700,000 and 92,800,000 miles. After- 
wards, however, from a still fuller investigation of the meaning 
of the observers' language, he deduced a mean result of very 
nearly 92,400,000 miles. Bnt he was obliged to allow that 

* Some of the efTects which we have described umy be seen id the 
disgnunii upon the opposite page, which nre i.-npie8 of three of thotte mode 
■fey obBervers in Decemlier 1874, nnd published in the Admimlty Report 
-of the traotiit preaenled to Parliament. In the second of these viewa, the 
atmoaphere of Veaus is very iintlceahle. 
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the observations only determined the probable value to be 
somewhere between 92,000,000 and 92,700,000 miles. 

There is no doubt that the discordances of these results chiefly 
depend upon the different interpretations that have been given 
to the actual wording of the reports of the observers. In saying 
this, we do not. for a moment wish to disparage the value of 
their work, or of the observation of transits of Venus for the 
purpose in question ; but it must be confessed that there is at 
present an amount of uncertainty in the figures obtained, 
which is disappointing, but which seems likely to continue^ 
unless we can in some way improve our instruments, or the 
method of their use. 

It must also be a subject of great regret that the numerous 
photographs of the transit which were taken by the British 
Expeditions in 1874, have not been found to depict the edges 
of the Sun and of the planet with sufficient sharpness to allow 
of any very accurate calculations being made from them. 

It has, however, been recently suggested by Mr. Maunder, of 
the Royal Observatory, Greenwich, that in the transit of 1882 
Venus may pass sufficiently near to some clearly defined sun- 
spot, to allow the measurements of its position in a photograph 
to be made with greater accuracy from the edge of the spot, 
instead of from the edge of the Sun's disc. 

We may still obtain some further information from a com- 
parison of the British results with those of other nations ; of 
which, as yet, we know comparatively little, but it seems, so 
far as transit observations are concerned, that an uncertainty 
amounting to at least 500,000 miles will most probably remain. 
A preliminary discussion of the American photographs by Mr. 
D. P. Todd, in the Journal of Science, of June 1881, which, 
owing to the special method by which they were taken, are, 
we believe, capable of a more precise interpretation than those 
of the British Expeditions, seems to indicate a value of a little 
^over 92,000,000 miles.* 

Upon the whole it is very noticeable that all these values, 
deduced from the tninsit of 1874, are much nearer to the 

* It is also gratifying to know that the American photographs of the 
transit of Mercury in 1878 have proved very successful. 
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92,000,000 miles which Mr. Stone oLtained from that of 1769, 
than to the 95,000,000 wliich Eucke published in 1824, and 
which waa for more than thirty years generally accepted. It 
is also a remarkable fact that successive eudeavoiirs to solve the 
problem by other methods, subsequent to Eucke's iuvestiga- 
tiun, all indicatt;d a much smaller value than his. 

We must not etijp to describe these various attempts at any 
lengtli. Two of them depend upon certaiu small irregiila^ 
rities respectively occurring in the motions of the Moon, and 
in the apparent position of the Sun during each lunar mouth, 
which involve, in a special manner, the distance of the latter. 
Others are connected with minute perturbations in the orbits 
of Mara and Veuus. From these Leverrier, in the year 1872, 
very confidently anuouueetl that the Sun's distance most in 
all probability* be between 92,200,000 miles and 92,300,000 
miles. 

Anotlier very interesting method is founded upon obaerva- 
tiouH of Jupiter's satellites, combined with experimental deter- 
minations of the velocity of Light. If, by such appliances as 
those invented by Fizeau,* or Foucault,t we can measure the 
velocity of Light, we may estimate our distance from the Sun 
by noting how much sooner, or later, than would otherwise 
be the case, the eclipses of these satellites ai'e seen to take 
place, according to the distance of the Earth at any given time 
from Jupiter. 

It is true that if the Earth is so placed that the San is 
almost exactly between it and Jupiter, or, in other words, if the 
Earth is at its greatest possible distance from Jupiter, that 
planet and its satellites will be invisible, owiug to their ap- 
parent proximity to the intense brightness of the Sun's lights. 
But if the Earth be uot very far from such a position, as at Ki, 
the satellites and their eclipses may be detected, and {as is 
shown in Fig. VI.) the light coming from them must, in onler 
to reach the Earth at Ki, traverse a distance not much less thaii 
the diameter of the Earth's orbit, iu addition to that which it 
would traverse to reach the Earth, when, as at %,, it is exactly 

• See Arago'a "Popular Astronomy," vol. ii. 
t See Ganot'B " Physica." 





between Jupiter and the Sun. From the observations which 
have been made, it is found that about 097 seconds is the timtr 
which the light of the satellites occupies in travelling across 
the full diameter of the Earth's orhit. And if we take 997 
times the number of miles whieh the experiments previonsly 
referred to give as the vidocity of light per second (viz., abont 
186,380 miles), we obtain a value for that diameter of about 




185,820,000 miles, one half of which, or about SCJ,«10,000 
miles, is the correepoudiug distance of tbt^ Earth from the 
Sun. The* method, however, has not been found at present 
to bo susceptible ofverj- great accuracy, owiug to cerlam difli- 
colticB connected with the calculation and ohsen*ation of the 
eclipses, and results differing by as much as i^ milliuus of 
miles havi- been ubtaiuwl from it; but its importance wiU 



doubtless incrva^^ ss the tfaeOTv of the motiotis of Ji^itet'a 
Ratellitca it: uHire cftrefhllT stodted sod iDvestigatrd. 

The ex|>eriraeDtal determinfttioa of (hi* Tel'^;it_v i>f Light hii* 
also been used id eoaoectioa with a certain ^raall appareDt 
dispUcemeot of the pin^itioos of the fixed stars, which is called 
their "^ Aberration.'^ This effect is analc^as to that by which 
a shower of tain, faUin^ Terueallr on a calm dar, appears u> 
elope towards a person moving ispidlr throngh it. It depends 
Qpcm the comparative valne of the velocity of the light which 
comes from the «tars to an observer, and of the velocity with 
which he ia at the same time carried throngh space ns he 
reoeiTea h^ by the motion of the Earth in its orbit. The former 
ri-loci^ being known, the latter can be calculated fnini the 
amcAUit of any star's aberration or apjmrent displacement. 
And the relocity of the Earth in its orbit being thus dednceJ. 
we can tel! at tmce how far it will travel in a year ; i.e., we know 
the length of the circumference of its orbit. It is. then, a 
vety etmple matter to evaloate the radius of that orbit, or, in 
other words, the Earth's distance from tlie Sun. About 
93,f»0O,0OO miles api>ear8 to be the most probable value which- 
this method gives. 

Obeervatitms of the planet Mars have also been made when- 
it haa been especially near to the Earth (as, fur iuslance, in 
1862 or 1877), with a view to the solation of this same great 
problem. The methotl at first adopted was to notice from (ttq 
diffemU obatrzatories how much nearer Mars appeared to be ti> 
certain stars as seen fn^m the one, than as seen from the other. 
This effect is doe to the difference of the directions iu which 
the two observatories Kwik at the platief, the stnra being so- 
mnch farther away that no appreciable change is producetl in 
their apparent positions. From such observations we may 
proceed to calculate the distance of Mars from the Earth by a 
modification of the surveying methotl already described (see 
FigB. 1. and H.); and it is found that we are able to do so with 
verj' considerable acciiracy. 

The nearest distance of the planet Mars fmm the Earth 
being not much less than 1^ times the nearest distance of 
Venoa, thia last statement may appear to be inconsistent 
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with our previous remark, that the method referred to is not 
applicable to the case of a transit of Venus. But the incon- 
sistency does not really exist. We can apply the method to 
what at first sight appears to be a more difficult case, because 
we are able to make a long series of observations of Mars night 
after night. We then take the mean of the results given by 
them, and in this way eliminate many sources of error. 

The distance of Mars having been thus obtained in 1862, it 
at once followed by a well-known proportion which exists, as a 
consequence of the law of gravity, among the planetary dis- 
tances, and which was first discovered by Kepler, that the 
corresponding distance of the Sun must be about 92,200,000 
miles. But the method used had one great disadvantage. It 
necessarily involves the comparison of the work of different ob- 
servers and of different instruments at the two observatories. 
In such delicate calculations, this is a very serious cause of error. 
It may, however, be avoided by a most valuable modification of 
the method of observation, the principle of which, we believe, 
was originally suggested by Cassini and Flamsteed, and to which 
the Astronomer Royal (Sir G. B. Airy) drew special atten- 
tion in a paper read by him before the Royal Astrononiical 
Society in 1857, as that which in his opinion was likely to give 
the most accurate result attainable. It may be briefly stated 
as follows^ — 

That a locality should be chosen for the observation of Mars 
when the planet is especially near to the Earth, such that it 
may be observed for a considerable number of nights soon 
after sunset, and its apparent distances from certain stars be 
noted. The corresponding distances should again be observed 
just before sunrise. In the meantime the place of observation, if 
near to the Equator, would have had its position in space 
altered, owing to the rotation of the Earth on its axis, by an 
amount which in 12 hours would be not much less than 8,000 
miles, and in 9 or 10 hours would amount to between 6,000 and 
7,000 miles. Tliis would be a movement (unlike that of the 
Earth in its orbit) which would be quite independent of the 
distance either of the Earth, or of Mars, from the Sun. It 
would "Tiove the place of observation over a space as great, or 
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almost as great, as tliat between any two such oliaervatnries as 
we have previonsly mentioned. 

The stars, as we have atateil, are so diataut that no appre- 
ciable effect can be produced upon their apparent positions by 
any such change in the observer's pla^e. But it is found that 
very appreciable differences are seen in the apparent distances 
between Mars and neifrhbouring stars, when they are measured 
soon after sunset and shortly liefore sunrise. From these 
differences the known amount of the observer's displacement 
may, by suitable calculations, ba compared with his distance 
from Mars. That distance is consequently deduced with much 
accuracy, and, as explained in page 16, the distance of the 
Earth from the Siln is then also known ; but with this very 
great advantage, that all the calculations made are founded 
on observalions taken in iJie same place, by the savie obaerver, 
and vnih the sariie inatruTuent. 

A form of telescope, originally invented to measure the Sun's 
apparent diameter, and called a Heliometer, is found to be the 
best with which to take the interval between the planet and a 
star. It was with a valuable instrument of this description very 
kindly lent by Lord Lindsay (now the Earl of Crawford and 
Balcarres) that Mr. Gill (since appointed Her Mtyesty's Astro- 
nomer at the Cajw of Good Hope) made a special journey to 
the Isle of Ascension, where he resided for six months in the 
year 1877. lu spite of many difficulties he obtained an 
excellent series of observations, involving about 350 sets 
of measores. The locality was chosen because it fulfilled the 
oooditions which we have described as most important. The 
yea/r, because Mars was nearer to the Earth than it will be 
again at any time during the present century. There is no 
doubt that very great weight is due to Mr. Gill's observations, 
»ad to his calcnlattons founded upon them. He has employed 
all possible care in their computation, and has been ably 
assisted in the accurate determination of the places of the stars 
used, by the principal observatories of this and of other 
countries. He concludes that the distance of the Sun is very 
nearly 93,080,000 miles ; the probable error in excess or defect 
not being more than about 127,000 miles. 

% 
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It may be interesting to notice that a similar method of 
observation has also been applied to some of the minor planets. 
Even when nearest to the Earth the distances of those whidb 
have been thus observed are very much greater tlian that of 
Mars, but their minute star-like discs conduce to great accorac}' 
in the measurements made^ and the results have agreed very 
satisfactorily with those obtained from Mars. Two, named 
Victoria apd Sappho, will approach sufficiently near to the 
Earth to be useful in this way during the summer of 1882. 
It seems likely that the repetition of such observations upon 
all suitable occasions may in time lead to a very aocorate 
result. 

Upon the whole, it appears that the most probable conclusion 
to which all our investigations at present tend, is, that the Sun's 
distance from the Earth is not far from 93,000,000 miles. 
This is the value which we shall adopt throughout these 
lectures. But we cannot, at present, feel any certainty of ite 
exactness within a y^th part of the whole value. Nor can 
we ever hope to be able to determine so large a measure with 
absolute accuracy. The problem, as we have previously stated, 
is not only a very fascinating one, but is also very difficult. 

If by repeated observations of transits of Venus, and by the 
comparison of various* other methods, we may be able, at some 
future time, to obtain a value true to within a unni^^ part, we 
shall be well content, although this will still leave an un- 
certainty amounting to nearly 100,000 miles. 

It is to be regretted that the nearest distance of the planet 
Mercury from the Earth is so much greater than that of Venus, 
that its transits are of very little use for the purpose in ques- 
tion. On the other hand, those of Venus occur much less often 
than we could wish. There will not be another, in succession 
to that of December 6th, 1882, until the pair which will take 
place in June 2004 and June 2012. 

When the vast importance of the Sun^s distance as the great 
unit of astronomical measurement is considered ; when we 
remember that its value is involved in almost every calculation 
connected with the solar system, and that it is in terms of it 
that we measure our distances from the fixed stars, and the 



niagDituiIes of the orbits of binary and other ateilar nystems ; 
when we iiole that an error in our estimate of its value of only 
90,000 miles (or about a id'jnjth part) affects our calculation 
of the distance of the nearest star to the extent of about 
20,000,000,000 miles ; we surely ought to use every possible 
means to secure its accurate determination. 

Englishmen will, we trust, grudge no expense that may be 
necessary for the observations of 18S2, nor fur the due investi- 
gation and application of any opportunities that msy occur for 
the use of other methotls. 

The results of December 8th, 1874, although very important, 
may not have been qnite so successful as it was hoped they might 
be. But the experience then gained, both with regard to eye 
and t» photographic observations, may prove to be exceedingly 
beneficial in 1882. We may meet with a success surpassing 
our best expectations. In any case, the true spirit of science 
ia to neglect no opportunity and to spare no pains in acquiring 
knowledge. It is to those who woo her in this spirit that 
she reveals her most precious secrets. 



LECTURE II. 
THB SUN — continued, 

" Welcum the lord of lycht, and lamp of day, 
Welcum fostyr of tendir herbys grene, 
Welcum quyknar of floryst flowris scheyn, 
Welcum support of euery rute and vayn, 
Welcum confort of alkynd fruyt and grayn, 
Welcum weilfar of husbandis at the plewys, 
Welcum reparar of woddis, treis, and bewys, 
Welcum depayntar of the blomyt medis, 
Welcum the lyfe of euery thing that spredis, 
Welcum be thy brycht bemys, gladyng all." 

Gavin Douglas. 

We now proceed to describe some of the discoveries connected 
with the physical constitution of the Sun which have recently 
been made, in spite of the immensity of its distance from ns. 
Until about thirty years ago very little was known of the 
great orb of day, except that it was a huge body of some 
860,000 miles in diameter ; of a mean density rather less than 
1^ times that of water ; attracting the Earth and the other 
planets, and ruling their orbits, by the force of gravity; 
intensely hot; surrounded by a certain halo of glory, and 
occasionally showing some red coloured protuberances when 
its disc was hidden behind the Moon during a total eclipse ; 
at other times presenting to the view a surface of extreme 
brilliancy, which, however, was frequently defaced by the 
appearance of dark spots, easily detected in a telescope, and 
occasionally large enough, as both ancient and modem records 
prove, to be seen with the naked eye. It was also observed 
that the central portions of its disc appeared to be considerably 
brighter than the outer parts ; and that the spots, to which 



we have just referred, iudicated a revolution of the Suii, about 
an axis of ita figure, in about 25^ days. The spots were often 
seen to be more or less surrounded, or preceded in their appear- 
ance, by in-egular markings of special brightnesa, to which 
the name of /actiite was given. It was, moreover, evident that 
they were in many cases darkest in their central portions, and 
that those portions were depressed below -the surrounding 
surfoce, which was proved by the effect of the gradual fore- 
shortening produced by the Snn's rotation, as it carried them 




i'rom the edge to the centre of its diac, and vice versd. This 
effect is illustrated in Fig. VII. 

One attempt, and only one of any importance, had been made 
up to the time to which we refer, lo fathom the mystery of 
these spots. It proved, however, to he very erroneous, although 
it originated with so great an aatronomjr as Sir William 
Herschel. He put forward the hypothesis, that the verj' dark 
central portions of tlie Snn-spota might be parts of a solid 
nucleus existing within the fierj' envelope which dazzles our 
eight, and that this nucleus appeared to be iutenself black U^ 
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compariaou witli the surrounding brigbtDese. It was also 
suggested tbat, if the iDuer surface of the fiery envelope (which 
is geoerslly termed tbe Photosphere, or sphere of light) were 
of a dense and clondy natnre, and very slightly perrions to 
heat, tbe supposed nacleas within it might be a convenient, or 
even a comfortable, abode for animated beings. 

This hypothesis with regard to tbe Snn-spots was at tbe 
time by no means irrational. But it has since been entirely 
disproved. A vast advance has been made in photometry, ot 
tbe art of measuring the intensity of any given light. Appli- 
ances have been invented by which the illumination of any 
special portion of a spot can be examined, and the whole power 
of a large telescope be bronght to bear upon any given part 
of the eolw sorface, whether occupied by a spot or not, wlUtoot 
danger to the observer. And it has been announced, by Pro- 
fessor Ijangley, as the result of very careful obserrations, tbat 
the central portions of a spot, which, as the result of contrast, 
seem to be of the blackest darkness possible, are really brighter 
than the arc of « powerful electric light, and radiate more than 
half as much heat as an equal area of the ordinary sarface of 
the photosphere. 

It is proved that in a Sun-spot we look down into depths of 
fiery vapour, or incandescent matter ; that we see lower layers 
of the glowing envelope of tbe Sun in a peculiar state of dis- 
turbance, bnt that we see no solid nucleus, nothing tbat is 
really dark. 

In endeavouring to explain the conclusions to which recent 
investigations liavo led lis, we sliall frequently have occasion to 
refer to the use of the Spectroscope, the invention of which bat 
provided an instrument of extraordinary power for the physical 
study, not only of the Sun, but also of stars, planete, nebulte, 
comets, and meteorites. Its construction is founded upon the 
great discovery of Sir Isaac Newton, that a beam of sonlighl, 
shining through a small hole in a shutter into a darkened 
room, will be spread out into a longiheiied band of coloured 
light, if it pass through a wedge or prism of glass. Such 
a band is called a Spectrum. The colours in it are gradn- 
aJJ^ shaded into one another, beginning with red at one end. 
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aoii passing through a succession of tints, which are generally 
described as orange, yellow, green, blue, indigo, and violet. 

It 18, in fact, found that the original beam of white light is 
compounded of difftrent colonrs. In passing through the 
prism these are differently deviated, or bent, from their 
original direction ; the red constituent being deviated least, 
and the violet most. But such a spectrum is termed an im- 
pair spectrum, because the light of each individual colour, 
having a special capacity of its own of being bont out of 
its course by its passage throngb the prism (which is tech- 
nically denoted by the term refrangibility'), forms its own 
ima^e of the hole which determines the shape of the original 
beam ; and all the different images so formed, side by side, 
successively, overlap one another, except at the extreme ends 
of the spectrum. 

The spectroscope is an Instniment by which this overlapping 
and coDsoijnent mixture, or impurity, of the light can be pre- 
vented. An arrangement is made in it which forms a beam of 
light bounded by an extremely narrow rectilineal slit, the 
image of which slit is a very fine straight line, and the light is 
made to pass through one or more prisms of glass, or of some 
other suitable substance, in such a course as secures the 
utmost sbarpnesB and the best possible definition in the images 
thus formed. 

Each constituent portion of the light consequently forms a 
very fine, bright, straight line, in a position corresponding to 
the extent to which that particular portion is bent out of 
its original direction. And all these fine straight lines thus 
formed side by side, and parallel to one another, constitute what 
is t«rmed a pure spectrum, whoso length is in a direction perpeu- 
dicttlar to tbem all. They are in fact so fine that, in a per- 
feUltf pare spectrum, they would not in the least overlajt one 
another. The light at any point of a pure siJectrnm is no 
longer more or less mixed, but is such as belongs to that 
particular position only. Other appliances connected with the 
spectroscope enable ns to observe the spectrum thus formed 
through snitable eye-pieces, so as to magnify it, to a greater 
or less d^ree, as we may desire. 
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In a pui-e spectrum, thus obtained, it is easy to understand that 
there will be a dark gap, if the light that would form an image 
in any special portion of it be wanting in the original beam. 
This is found to be the case in so many parts of the solar 
spectrum that, in an instrument of sufficient power, thousands 
of these dark gaps may be seen. In other words, the coloured 
band of light is crossed in a direction at right angles to its 
length by thousands of fine dark lines, some of which are, 
however, observed to be much finer than others. 

It is the discovery of the meaning of these lines which has 
vastly increased our knowledge of the Sun's constitution. 

Experiments with the light of solid bodies, as well as with 
that of certain liquids, or compressed gases, so highly heated 
as to be luminous, show that a similarly coloured band, 
or spectrum, is obtained from them, but without any such 
interruptions. Such an one is termed a continuous specO'um. 
But it is once more found that if such light, instead of being 
allowed to fall directly upon the spectroscope, is first passed 
through the vapour of some other substance (such vapour being 
cooler than the previously mentioned source of light), dark lines 
immediately appear in what would otherwise be a continuous 
spectrum. 

We therefore conclude that in the outer regions of the Sun 
there are various vapours which originate the dark lines which, 
as we have previously stated, are invariably seen athwart the 
spectrum of the solar light. 

But we are able to infer much more than this. Further 
investigation has enabled us to identify certain dark lines with 
certain particular vapours. And this has been done, not simply 
by sending light that would otherwise give a continuous 
spectrum through various vapours, and then noting for com- 
parison the positions of the dark lines produced, but in a much 
more interesting and easy manner, which we now proceed to 
explain. 

Without entering into any elaborate tlieoretical discussion, 
it may suffice to state that experiments prove that, if the light 
of a gas not specially compressed, or of that produced by 
vaporizing a solid or liquid substance at such a temperature 



that its vapour is lumiaoiis, be looked at through a spectro- 
scope, its Bpectrum is in general found to be utterly diflerent 
from the continaous spectrum that is obtained from the light 
of an incandescent aolid substance, or in certain cases from a 
very dense liquid or gas. 

What we see in such experiments is only a certain number of 
isolated bnglit lines in place of the long continuous band of 
colours. These bright lines may be comparatively few (as, for 
instance, in the case of the luminous vapour of sodium), or 
may number some hundreds, as in the case of the vapour of 
iron. But in every case they occupy certain fixed [wsitions, 
relatively to the whole space that a continuous spectrum 
would occupy. 

Our next procedure is to record these positions with great 
accuracy. We then recur once more to our first experiment, 
and pass in succession such light as would otherwise give a. con- 
tiaaoos spectrum through certain of the gases which we have 
been using, the light in this case being taken from a source 
whose temperature is higher than that of the vapours through 
which it is now passed. As we have already stated, black 
lines will at once appear across the spectrum. 

And the very remarkable discovery has been made that the 
hlack lines, produced by the passage of the light through each 
vapour which it traverees, exactly correspond in position with 
the bright lines which the light of that vapour would bg itself 
uroduce. Moreover, a consecutive passage throngli two or 
more such vapours, or a passage through a mixture of them, 
is found to give dark lines corresponding to the bright lines 
which belong to all those \-apour8. 

If therefore we first of all observe the bright lines in the 
M|iectra of various highly-heated and luminous gases, or in the 
luminous vapours of various substances, and then identify in 
the solar spectrum dark lines in positions corresponding exactly 
to those of these bright ones, we are at once enabled to con- 
clude, that in the outer regions of the Sun the solar light has 
passed through these identical vapours, and that each of them 
has absorbed out of the continuous spectrum which otherwise 
would be seen, those portions which correspond to its own 
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constitution, and has formed dark lines exactly in the poeitioas 
where by itself its light would give bright ones. 

Of late very careful experiments have been made, which 
tend to show that, under certain circumstances, some, or even 
all but one, of the bright lines belonging to a given substance 
may disappear from the spectrum of its vapour ; and in like 
manner, that some, or all but one, of the dark lines produced 
by the passage of light through that vapour, may be wanting. 
It follows, that if we recognize only one dark line in a spectram, 
which by its position corresponds to a given substance, we may 
be justified in saying that we have evidence of the presence of 
the vapour of that substance in the sun.* 

The spectroscope has thus proved to us not only that the 
light of the Sun, which comes from that layer or surface of it 
by which it is ordinarily visible to us, is originally snch as 
would give a continuous spectrum of colour varying from 
red to violet ; but it has taught us that in so coming it 
passes through overlying vapours, which are less heated than 
the underlying layer, and which are not ordinarily visible to 

* This statement ought perhaps to be still more qualified. It is 
possible that the one line observed in such a case may not indicate that the 
substance referred to exists in the Sun as a whole. It has been snggetted 
by Mr. Lockyer, that the intensity of its heat, which far exceeds any with 
which we can experiment, may dissociate into simpler constituents what we 
are accustomed to call an elementary substance. If lo, the one line, or the 
few out of more lines belonging to the ordinary spectrum of a subetanoe. 
seen in the Sun, may indicate the existence of some simpler constituent 
of the substance. In an elementary lecture such as the present, we must 
pass by many such points as these, which are nevertheless of the highest 
importance and interest. Nor must we discuss the investigations which 
have of late been carried on by many distinguished men of science, both 
in England and elsewhere, as to tbe various orders and kinds of spectra 
given by the same substance under different molecular conditions, or under 
changes of temperature and pressure ; the phenomena of long and short 
lines, of basic-lines, of columnar and banded spectra, etc. We must also 
refrain from describing tbe method of obtaining spectra by means of the 
diffraction of light incident upon surfaces ruled with exceedingly close 
parallel straight lines ; such spectra (termed <liffriictvm spectra) being in 
many cases superior to those produced by the use of prisms. For infor- 
mation on these points we refer our readers to the proceedings of the 
Koyal Society, the British Association, and other learned societies. 
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U8. It has enabled us to recognize that the dark liiiee pro- 
dnced by these vapours belong to variona aabstaQces with 
which we are familiar iipdn the Earth ; some of the moat im- 
portaat of which are Hydrogen, Sodium, Calcium, Manganeae, 
MagneeiuiD. Iron, Nickdl, Barium, Cobalt, 

The preseoce of Bonie of thest- is indicated by only a few 
dark lines, corresponding to a greater or less proportion of 
the bright lines wliich are seen in experiments with their 
vapours. On the other hand, more than 450 dark lines have 
been recorded in the solar spectrnm which currespond to bright 
ODCB belonging to the vapour of Iron. And these, although 
so numerous, agree exactly, each to each, and not only in 
position, but in relative thickness and intensity. 

In fact, we are able, by means of this wonderful instniment, 
to bridge over space, and to analyse the constituents of the 
great luminary of our system, in spite of its distance of 
nearly, or even more than, 93,000,000 milea. It gives ns a 
power, even to hope for whicli might well have seemed an 
absurdity to the astronomers of any previous generation. 

We have not, however, by any means exhausted our de- 
scription of its marvellous revelations. It not only shows and 
explains to us the dark lines in the ordinary spectrum of the 
Son, but on certain rare occasions it enables us to see these 
lines transformed into bright ones, with dark intervals between 
them. 

It will easily be understood from the preceding explanation 
that we ought to be able to see them thus, if we could look at 
the light of the vapours superimposed upon the photosphere 
of the Sun, apart from the light of the photosphere itself, 
which in general passes through tliem. Although these 
vapours are at a lower temperature than the light of the 
brilliant layer beneath them, they must l»e intensely heated, 
and sufficiently luminous to give a bright-line spectrum if 
their light could be seen independently. 

It is therefore very interesting to learn that in 187(1 Dr. 
Young, Professor of Astronomy in the college of New Jersey, 
was watching the total ecli])8e which occurred in Deirember 
of that year, and was looking at the edge of the San throo^K 
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a spectroscope just when the dark body of the Moon had 
hidden the last narrow crescent of the light of the photosphere^ 
the region immediately above it being therefore visible for two 
or three seconds without that light shining through it. He 
found that when the ordinary light of the solar spectrum had 
just vanished away, its place was instantly taken by a mul- 
titude of fine bright lines. The dark lines by hundreds or 
thousands became instantaneously bright, as by a magical 
transformation, and remained so during the brief interval 
occupied by the Moon's edge in passing over the layer of 
vapours. This layer is in consequence sometimes termed 
Young's layer. 

The same beautiful effect has been noticed in subsequent 
eclipses, and was distinctly seen in that which was recently 
observed by an unusually large number of skilful astronomers 
in America, in July 1878. The average depth of this region 
of the Sun has been supposed to be very small, measuring 
only 400 or 500, or at any rate less than 1000 miles in thick- 
ness ; in agreement with the very few seconds in which the 
Moon's edge passes over it. If so, it lies so close to the 
photosphere, that it is only by the interposition of the Moon, 
during a total eclipse, that we are able to isolate its light, 
which, at other times, is overpowered by that of the photo- 
sphere.* 

But it is not difiicult to understand that, if some of the vapours 
which constitute it rise up, here and there, to a much greater 

* It has, however, been recently suggested by Mr. Lockyor, that more 
accurate observations may show a considerable variation between the 
bright- line spectrum which briefly flashes into view during a total eclipee, 
and that which would accurately correspond to a reversal of the dark lines 
in the ordinary solar spectrum. It may be that the above mentioned 
bright-line spectrum partly has its origin in regions lying considerably 
above the so-called reversing layer, and that special peculiarities may 
occur in lines corresponding to those which are seen to exhibit the most 
remarkable changes in the ordinary' observation of spots and prominences. 

It appears, from the brief reports of the Eclipse of May 17th, 1882» 

which have arrived while the above is passing through the press, that 

Mr. Lockyer's observations in Egypt, conducted with a special reference 

o this question, have conflrmed his above-mentioned suggestion, which 

was put forward upon certain theoretical grounds. 



ilistiiuce in salficient quantity, and at a luminous temperatore, it 
may be possible at otiier times to detect their light with a spec- 
troscope by carefully inspecting the circnmference of the 8mi 
at a moderate distance from the visible boundary of its disc. 
There will be much brilliant glare of ordinary solar light 
arisiiig from the illnmiaation of the Earth's atmosphere im- 
mediately around the direction in which the Sun is seen, which 
will be greatly in our way. But the principle of the cou- 
stmrtion of the spectroscope is such, that, if we increase the 
nuni1)er of prisms used in it, we may lengthen out the spee- 
trom of that glare more and more, and make it increasingly 
faint. 

At the same time, if we are looking at the light of any mass 
of vapour rising up from the edge of the Snu, the bright lines 
caused by that vapour will not get fainter as we increase our 
battery of prisms, but will only be further separated from one 
another. It is consequently found that when we direct oar 
instrument to the neighbourhood of the Sun's apparent edge, 
we can often detect the bright lines belonging to masses of 
vapour rising up from it, or suspended over it. We are thus 
able to view, not only during a total eclipse, but at any time, 
much of what is going on in regions where it might have been 
supposed that the blinding brilliancy of the adjacent photo- 
spheric light would have for ever utterly baffled onr observations. 
The credit of this discovery, which weis made in the year 1868, 
is doe to Messrs. Janaaen and Lockyer. 

It would, however, be a very laborious process to find out 
the shape and boundaries of any such masses of vapour by 
slowly mo\Tng the spectroscope about, and noticing exactly 
when the bright lines corresponding to the vapour in question 
might appear or disappear, as the field of view of the instru- 
ment might pass across the vapour at different levels in 
succession. By so doing we might, no doubt, obtain some 
such result as is indicated in Fig. VIII., in which a series of 
sweeps in directions parallel U> the Sun's edge are supposed to 
be made, and the general shape and extent of the vapour to 
be approximately deduced by the length of the parallel bright 
lines successively seen. For the sake of contrast, the sur- 



rounding region in tliis figure is blackened, although it would 
actnally, as aeea in tlie instrument, be only somewhat less 

bright than the bright liues themselvef 
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But it was most fortunately found by Dr. Huggina {see 
Fig. IX.) that if the slit of the spectroscope be opened wide 
enough to embrace the whole image of such a massof vaponr,a 
coloured jiguie of the mholeqfit is formed in the neighbourhood 
of each of the bright lines which the spectrum of any imrtion 
of it would produce. And these coloured images are sufficifuUy 
bright to be seen at all times in an iustrnment of adequate 
power. It is only necessary, on any given day, to examine all 
round the Sun, just outside the edge of the pliotoapberc, and 
the shape or movements of auy such masses of gas or vapour 
as we have described will be visible. Sometimes there are 
many of them ; at other times verj' few. The following is a 
copy of the original sketch in the Proceedings of the Ro}**! 
Society, made by Dr. Huggins, of the first prominence, or 
protuberant mass of solar vajwur, seen by him with a 
scope having its slit widely-opened on February 13th, I86(fc 
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Fl«. IX. -The first iinjinliiBn™ taen »>>■ Dr. HuBBiBB.nrltl 
% ijtertroflcopc tutvlng ■ widely-opened 4I1L 

The shapes of these pRimiuences are often most fantastic 
their changes of form moat rapid, and their movements of 
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uDormous magnitude. One of the moat remarkable ever seen 
was observed in October, 1880. It rose, from a heigbt of about 
212,000 miles, to the exti'aordinary elevation of at least 350,000' 
miles in less tlian half an hour, the average speed with which 
the matter in it was carried upwards during that interval being 
therefore between 4,000 and 5,000 milea per mimite, which 
would indicate a probable initial velocity of expulsion from the 
surface of the photosphere of 25,000, or more, miles per miuute.. 

In some instances Luge masses many thousands of miles in 
breadth, or height, have been seen to be utterly broken up and 
dispersed into fragments in the course of a few miuutes. The most 
elevated are principally composed of hydrogen vapour, the small 
density of which is consistent with the great elevation to which 
they attain. In the accompanying plate are some drawings taken 
from those published in tlie Memoirs of the Italian Spectro- 
scopical Society. The uppermost represents part of a view of the 
whole circumference of the Sun observ-ed by Professor Tacchini 
at Palermo in 1871, the portion selected incUuhng the highest 
prominence then visible, which was of remarkable elevation and 
of extraordinary shape. Some other interesting fornmtions of 
less elevation are also shown. The complete drawing is in 
vol. viiiof the above J/emoirs, plate cxi. The next lower view is 
that of a prominence observed by Tacchini on December 11th,, 
1871 (vol. i, plate v). In it a large portion of the prominence 
is seen floating at a considemble elevation above the photo- 
sphere, without any visible connection with it. The lowest 
tignre is from vol. i, plate xi, and represents a drawing made 
by the late Father Secchi, at Rome, on July llth, 1872, 
6h. 20m. p.m. One prominence in it is particularly noticeable. 
It seems to have rushed u]) at first with enormous violence, 
uutil its upward velocity having diminished, it was wafled 
along by a horizontal current almost like tlie smoke from some 
tall factory chimney. 

The spectroscope would at the same time show blue and yellow 
images, exactly corresponding in shape tti the red images, and 
situated in those parts of the spiMJtmm in which the blue and 
yellow bright^liues of the prominence-matter are found. The 
red images, being much the most brilliant, are shown in our 
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plate. Ont of many hundreds of drawings we have endeayonred 
to select some of the most interesting forms ; but in actual 
observation there seems to be no end to their ever-changing 
variety. 

Such prominences as these are found to be identical with 
the beautiful rose-coloured appearances which, as we have 
already mentioned, are visible (even to the naked eye) during 
a total eclipse of the Sun. A few observations of them 
made at such times are recorded from the be^nning of the 
seventeenth century onwards. But it was not until the year 1851 
that Air}', then Astronomer Royal, first pointed out that the 
way in which the Moon's body passed over them, gradually 
uncovering them on one side of the Sun while it gradually 
concealed them on the opposite side, proved undoubtedly that 
they belonged to it, and not to the Moon ; as to which, even 
at so recent a date, considerable doubt existed. In fact, until 
the occurrence of the eclipse of that year comparatively little 
attention had been paid to them. Since that date, however, 
they have been most attentively watched in every total eclipse 
that has taken place, and it has been found that in some 
eclipses those seen have been much larger and more abondant 
than in others. 

Even when they were known to belong to the Sun, it was 
impossible, before the invention of the spectroscope and the 
discovery of the best method of its use, to determine their troe 
composition and character, much less to see and watch them 
day by day and hour by hour. Nothing, perhaps, can better 
illustrate the remarks with which we commenced our first 
lecture with regard to the rapidity of recent progress in 
astronomy, than the contrast of our present knowledge of 
these remarkable formations with that of thirty years ago. 

Since their daily observation has been found to be possible it 
has been noticed that they are met with in all latitudes of the 
solar globe. They are, however, most abundant over two zones, 
extending from about 10° to about 20° on either side of the Sun's 
equator, where Sun-spots are also most frequent. But instead of 
being hardly ever met with over the equator, as is the case with 
the spots, they are not much less abundant there than at some 



ilistaDce from it. Ag^aiD, spots are not foaail Iteyond a north 
or sonth latitude of 40", but tlie prominences, after diminishing 
verj' considerably in frequency at a latitude of about 50°, appear 
to reuew their frequency as we approach the poles of the Sun. 
These facts are excellently represented in a diagram ou pp. HI 
aod 200 of Professor Young's treatise upon the 8uD, published 
in 1881, in which are shown, on the one aide, the comparative 
positions and frequency of the prominences, according to 2767 
observations made by Secchi in the year 1871; while on the 
other Bide the results of Carringtoa's obaervatious of 1386 Sun- 
spots between the years lS-13 aud 1861 are in like manner 
depicted. 

When the rotation of the Sun carries a spot round to its 
edge, it is often noticed that there are promineuces connected 
with it, or surrounding it ; but a still more constant connection 
is found to exist between prominences and the locality of 
the bright corrugations of the solar surface called faculie, which 
are not only generally seen to precede the appearance of a spot, 
or to follow its disappearance, but are also found in regions 
lying beyond the two spot-zouea, and apparently unconnected 
with any spot. The spectroscope, moreover, from time to time 
gives evidence of the existence of a mass of vapour, such as 
may constitute a prominence, rising up in front of the dark 
background of a spot, even when the spot is far removed from 
the edge of the sun. This is shown as follows. 

It is found that not only is the spectrum of the Solar Light 
generally darkened in the locality of a spot (a proof that dense 
masses of cooler vapour are absorbing and obscuring the light 
of the photosphere), but over special portions of a spot certain 
bright lines are frequently seen to shine out in the particular 
parts of the spectrum to which they belong. Tliey are such as 
would arise from immense and intensely heated masses of those 
vapours wliich form the prominences. In this way promiueuces 
may be discovered over, or partly over, spots in any part of 
the spot-zones, although it was at first thought, when the 
spectroscope was applied to the uneclipaed Sun, that the utmost 
that it would accomplish would be to detect their existence 
when they might be seen ui>on the edge of its disc. 
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We ought, however, to mention an important distinction 
between the constitution of such prominences as are connected 
with spots and of those which occur upon other parts of the 
Sun's surface. The former are generally of an eruptive character, 
and contain, especially in their lower portions, various other 
metallic vapours in addition to that of hydrogen. The latter 
are of a more quiescent and cloud-like nature, and consist 
almost entirely of hydrogen and of one other element (named 
helium)j whose nature is at present unknown, but which gives 
a bright line in its spectrum near to the yellow lines of sodium. 
They are probably formed either by the gentle (and not eruptive) 
emission of hydrogen from the regions beneath them, or by 
some action which causes masses of gas floating in the solar 
atmosphere to change from a dark to a luminous condition. 

We have made special reference to the connection between 
Sun-spots and j)rominence8, because we believe that an outburst 
of the latter is very frequently the origin of the former. Not 
that a prominence actually breaks out in the exact locality of 
a spot, but rather (as Professor Young has recently suggested) 
that the projection of prominence-matter around a certain 
locality causes a diminution of pressure beneath it. This is 
most likely followed by a falling-in of some of the clouds of the 
photosphere, which may be supposed to consist of more or less 
cooled and condensed matter previously carried up in a gaseous 
form from regions below. Into the cavity currents of rising gas 
and some of the smaller filaments of the photosphere would then 
be drawn, occasionally with a vertical or whirlpool-motion, as 
well as a good deal of the heavier vapours of the neighbouring 
prominence-eruption. There is also, in all probability, a con- 
siderable indraft of matter, so far cooled as to be in a fine state 
of division, which may be somewhat vaguely compared to 
smoke. 

In this way, although there are many difficulties left 
unexplained, and no theory hitherto suggested is really 
satisfactory, we may perliaps obtain a tolerably true idea of 
the nature and origin of a Sun-spot. K so, its beginning 
takes place deep down in the gaseous body of the Sun, where 
some disturbance commences, which probably soon raises a 
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gnmp of faculea upon the photoaphere. If it contiane, a fierce 
eruption, or aeries of eruptions and expIoBions, next ocoutb, in 
fiery fury passing all our powers of imagination, and presently, 
as above deBcribed, a spot, or group of spots, appears. 

The drawings in Plate III, may serve to illustrate the pre- 
ceding remarks. The first is a general view of the Sun, taken 
from a sketch made by Tacchioi at Poienno in April 1870, 
and published in vol. vi. of the Memoirs of the Italian Spectro- 
scopical Society previously referred to. It shows the occurrence 
of faculfe in other parts of the solar surface Eis well as in the 
two parallel zones on opposite sides of the etjuator, in which a 
large number of spots of various sizes are seen. 

The other two drawings are elaborated and enlarged from 
those made by Professor Eicco, at PaJermo, of two spots 
observed on May 27tli and May 28th, 1880, and published in 
vol. ix. of the above Memoirs. 

They clearly show the dark umbra, or central portion of the 
spot, as well as the surrounding pcunmbra, or less dark 
portion. An attempt has also been made to indicate the 
way in which the filaments of the photosphere are apparently 
drawn inwards towards the umbra, so that by their convergence 
the lower part of the penumbra is brighter than its upper 
portion. 

Indications may also be seen, iu the left-band and right-hand 
drawings respectively, of the way in which isolated portions of 
the photosphere occasionally float across, or form a bridge over, 
the depression, or (to use Professor Young's graphic term) 
the sink, of which a spot consists. 

Both within the cavity of a Sun-spot and in the prominences, 
the spectroscope enables us, by certain distortions and slight 
changes in the position of the bright lines which it shows, to 
determine the velocity and direction of the motion of some of 
the huge masses of vapour involved. It is in this way, as well 
as by the general appearance of a spot, that we are assured of 
their occasional rotatory movements ; or, to use more popular 
language, that wi- see in them veritable cyclones of fire. 

We are aware that a theory has recently been suggested that 
some of all this vas.t turmoil and almost incoDceivably r&^id 
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movement of huge and intensely heated vaporous masses is 
only apparent, and that the phenomena observed may be chiefly 
of an electrical character, and the light produced somewhat 
similar to that of discharges in vacuum tubes, or of the Aurora 
Borealis. 

There is a certain amount of plausibility in this theory, and 
it is one which should not be lost sight of, especially when we 
remember the undoubted coincidences which have more than 
once been noticed between certain brilliant appearances on the 
disc of the Sun and disturbances of the Earth's electrical 
condition. It may also apply to the formation of some of the 
more quiescent prominences seen at a considerable distance from 
the solar equator, and especially to those which appear from 
ime to time like rose-coloured clouds, without any apjmrent 
connection with the photosphere beneath. But so far as our 
present knowledge goes, we are decidedly inclined to accept 
the eruptive theory for most of the prominences, and to attri- 
bute a similar origin, as suggested by Secchi and modified 
by Professor Young, to the Sun-spots, although there can be 
little doubt that the phenomena connected both ¥nth their 
formation and continuance must also involve violent electric 
action. 

The theory which we have thus attempted to elucidate is in 
one respect exceedingly important, inasmuch as it puts the 
spots before us as evidences of great Solar Distwbance. At 
times when they occur in abundance and of unusual magnitude, 
we are therefore not to consider that, a corresponding portion 
of the Sun being darkened, its light and heat will be upon the 
whole proportionally lessened. We are rather to understand 
that processes of such great disturbance are going on, as may, iu 
all probability, intensify the total amount of light and heat 
evolved. 

If this be the case (and there seems little reason to doubt it)^ 
we are at once led to enquire whether any law of i>eriodicity can 
be detected in the number or size of the spots or prominences. 
If so, it may also be asked, is any corresponding effect produce<l 
upon the Earth? Our answer to the former of these two 
gnestions is, that there is from some cause or other au un- 



iloubted approach to regularity in the increase and decrease of 
the phenomena in question ; the average time between two auc- 
ceasive maxima being believed to be very nearly 11^ years.* 
It is also noticed that the increase from a minimum to a maxi- 
mum is more rapid thaa the subsequent decrease to another 
miuimum ; the former division of the period being about two 
years louger than the latter. 

But at present we can only say that the above conclusion 
is that which is indicated by our observations. We cannot in 
any wise profess to explain why it is that tJiis alternate in- 
crease and decrease of disturbance occurs. We also notice 
that, although it is upon the whole tolerably regular in its 
action, there is in connection with it a frequent and eery 
eonaidera/ile deoiatioti from al/salule regalariti/. To such an 
extent is this the case, that Professor Wolf states that the 
Interval between two successive maxima may be occasion- 
ally as little as 7^, or as much as 16 years. The last minimum, 
which occurred at the eud of 1878, or at the beginning of 1879, 
took place about 1^ years later than tlie date which an average 
interval from the previous maximum would have assigned to 
it. The next maximum may be expected to occur near to the 
beginning of the year 1883, unless it should be correspondingly 
delayed. 

In Answer to our second question we can state, that there 
seems to be an undoubted connection between one terrestrial 
phenomenon, and the number or size of the spots and jiro- 
minences which we have been describing. AVe refer to the 
magnetic condition of the Earth. Very careful records of the 
daily variation of the declination of the magnetic needle, and 
of the horizontal component of the Earth's magnetic force, 
have been made at Greenwich and elsewhere, and if curves 
drawn to show these daily variations be compared with one 

* A period equd to, or very doaely agreeing witli, the 11-86 yean 
which Jupiter occupies in the circuit of its orbit, has recently been 
auggeatod bj M. Duponchel (see Complei Berulat, tome xclii, pp. 827 and 
diA)) ; but the shorter period mentioned above is that which is geserally 
accepted, a« having been obtained after a very elalmrate icvestigation 
of all accesaible records by ProfeBsor Wolf of Zurich. He, however, 
B that the result in doubtful to the extent of about ^tha of a. ^«Kt. 
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which represents the total area of Sun-spots day by day 
obsen'ed, they are found to be most remarkably similar. Any 
sudden irregularity in one of them is answered by a corre- 
sponding irregularity in the others, although the oscillations 
on the Sun-spot curve may often slightly precede those in the 
magnetic cur\'e8. 

In a very important memoir by Mr. W. Ellis, Saperintendent 
of the magnetical and meteorological department of the Boyal 
Observatory, Greenwich, published in part ii. of the Philo- 
sophical Transactions for 1880, the following conclusions are 
deduced from the observations of the preceding thirty-seven 
years : — 

1. That the diurnal ranges of the magnetic elements of 
declination and horizontal force are subject to a periodical 
variation, the duration of which is equal to that of the known 
eleven year Sun-spot period. 

2. That the epochs of minimum and maximum of magnetic 
and Sun-spot effect are nearly coincident, the magnetic epochs 
on the whole occurring somewhat later than the corresponding 
Sun-spot epochs. Tiie variations of duration in different 
periods appear to be similar for both phenomena. 

3. That the occasional more sudden outbursts of magnetic 
and Sun-spot energy, extending sometimes over periods of 
several montlis, appear to occur nearly simultaneously, and 
progress collaterally. 

Tlic close agreement of th(» three curves shown in a diagram 
for the whole period of thirty-seven years is most interesting. 
We append a reduced copy for the ten years from 1867 to 
1870 inclusive. 

It should be mentioned that the numbers in the scale on 
the right hand correspond to Dr. Wolf's determination of 
those which best represent the relative frequency of the spots, 
observed during the years in question. For the cur>'C8 B 
and C, twice one of the uppcT graduations (each of which cor- 
responds to ten of Sun-s])ot niiniber), or one of the lower 
graduations of double width, is ecjuivalent, respectively, to one 
minute of arc of declination, or 0*0u3 of the horizontal force. 

As a rule, displays of the Aurora Boreal is are found, as 



might be expected from their electrical chamcter, to be accom- 
paoied with cliBturbauces of the Eartli's magnetic condition. 
We are not therefore Biirprised to find that, ao far as we can 
judge from our very imperfect records of their occurrence, 

there seems also to be some correspondence between the 
number of Sim-^pots nb.-crveil, and lln' imiiibiT ipf Auroral 




displays.* But we hardly like to speak positively with regard 
' During April 18rt-2 gome unusually Urge spoti appeared, three lieing 
viHtble to the naked eye, in the middle of the month, at the same time,^a 
most unusual occurrence. During the name period, however, the pro- 
mitiencm «een were but email in Biie, nor were there any deserriog 
apeciaJ notice in th« neighbourhood of the great spots. On the othar 
hand, faculte -were unu-tually abundant. On the 17th and 'JUth days of 
the month the Earth was disturbed by violent magnetic storms, which, in 
thii initance, miy have had a special connection with the outburst of the 
great spoti we have referred to, in exact coincidence with one of which 
ft grand Buroml display was also observed in Americi. 
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to any connection existing between Snn-spot frequency and any 
other terrestrial phenomena. Attempts of a somewhat elabo- 
rate character hare been made to show that there is a oorre- 
spondence between the number of Sun-spots in any given year 
and the amount of rainfall, the occurrence of cyclones and 
wrecks, good and bad vintages or harvests, the average yearly 
temperature, or those commercial panics which certainly have 
occurred in several consecutive instances after an interval of 
ten or eleven years, and which might in any case be leasonably 
expected to follow at a certain distance after a succession of 
unfavourable seasons. 

Our great difificnlty, however, at present, is to form any jost 
estimate of the rainfall, or of the weather, of the Earth as 
a whole. Local variations are exceedingly perplexing ; and it 
frequently happens that a particularly hot and dry season in 
one part of the Earth is coincident with one of just the opposite 
character in another quarter of the globe. There is, never- 
theless, good reason to hope that we may in time make such 
progress in the study of meteorology, that comparisons of this 
kind may be more practicable than they now are ; nor can 
there be any doubt that it is most important to maintain 
an unbroken and accurate record of Sun-spots (which may 
probably be best effected in some country where the Sun is 
more constantly visible than it is in England), and to compare 
such a record with every possible climatic or magnetic indi- 
cation. We may, by such a comparison, at any moment 
discover some new law connected with the spots, or some new 
relation existing between them and other phenomena. Wc 
may, for aught we know, be even now ou the very verge of 
such a discovery, and a little more perseverance be all that 
is needed to put it within our grasp. But, as yet, we have no 
positive proof that i»ur seasons are directly affected by them, 
or thiit we are likely to be able to predict the weather, a few 
weeks or months in advance, by means of tlieir observation. 

There are some other points <>f iateiest connected with 
Sun-spots to wliich we must men-Iy allnde. We refer, for 
iustauce, to the supposed effects priKlutvd upon them by the 
relative positions with regard to the Sun, or to one another, of 



the planets Mercury, Venus, and Jupiter. Or to the possible 
ooDuection between the period of Sun-spot frequency and the 
orbits of certain streams of meteoric bodies round the Sun, It 
bas been suggested that snch streams may, in those parts 
of their orbits in which from time to time they make their 
Dearest approach to it, produce disturbances in the photo- 
sphere, either by their close proximity, or by actual contact 
with it 

We prefer, however, to pass by such questions as these, which 
are for the most part of a decidedly hypothetical nature, in 
urder to speak of matters which are far more certain. And in 
so doing, we are very glad to be able to state that photography, 
which has failed to give all the results which had been hoped for 
in connection with the transit of Venus, has gained a trinmph sur- 
passing oQT best expectations in regard to the observation of the 
physical condition of the Sun. It not only secures an instan- 
taneoos and permanent record of the Sun-spots of any given 
day and hour, such as for a considerable number of years past 
has been regularly taken at Kew and Greenwich, by means of 
which we can at our leisure measure the area occupied by 
them ; it not only enables na during the brief duration of a 
total eclipse to obtain with great rapidity a series of pictures of 
the solar promineuces, and of the other surroundings of the 
Sun, far more beautiful and accurate than could otherwise l>e 
depicted ; but it has been found possible by M. Janssen, at the 
physical observatory of Moudon, near Paris, to secure photo- 
graphs of the Sim of a size and delicacy far 8urj>as8ing anything 
previously attempted. 

Some of his first great successes were gained by an exposure 
of the photographic plate, in connection with a telescope 
specially adapted to the purjiose, for so short, a time as the 
iTjWth part of a second. By this means images of the 
San, exceeding twelve inches in diameter, were obtained 
without any subsequent enlargement. Of late he has secured 
negatives nearly three feet in diameter, and has occasionally 
ased much shorter exposurea. The rapidity with which the 
picture is taken, and the absence of any subsequent enlarge- 
ment of the negative, as well as the extreme care used 
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ia its development, effect a delicacy in the deliaeatioD of the 
solar Barface which would be altogether confosed and blorred 
by a longer exposure, 

A certain etmcture of that Borface, which had preTioosly 
been noticed or suspc-cted, with powerfol telescopes under 
ci reams tances of very good definition, ia most distinctly 
evident in theee photographs. Thej show that compsn- 
tivelj small formations, which have been named Solsr 
Granules' are thickly congregated all over it. 

In some partB these are very distinct, and tell as of a regim 
where comparative calmness reigns. In other parts they atf 
blurred and distorted, and indicate that a fiery storm is raging, 
or that a prominence is bursting forth from the photosphere. 
Their grouping frequently indicates the vortical action of some 
terrific solar cyclone, or tornado. Incessant changes take place 
in their forms and aggregation. What they actually are, we 
cannot, as yet, assert with any certainty. It may be that th^ 
are like the crests, or summits, of the waves of a fiery sea ; or. 
more probably, condensations of certain oiatters from uprisb|r 
columnar-shaped currents of vapour ; or that they are in some 
way connected with small prominences or emptions. But the 
photographs, two small specimens of which may he seen in 
Professor Young's work npon the Sun, and in certain French 
publications, while others n^wn a much larger scale are to be 
ibnnd in vol. ix of the Memoirs of the Italian Spectroscopical 
Society, undoubtedly show that from certain portions of the 
surface, occupying a comparatively moderate amount of the 
whole, we receive a much more intense light than from the 
remainder. It is very possible that we may find the atndy of 
such photographs, and the indications which they afford of the 
general condition of the Sun's surface, to be quite as important 
as the number and si^e of the spots, or of the la^er pri>- 
mincnees previously described. 

Next to those regions of the Sun of which we have so far 
spoken, and with regard to which we Iiave shown that tlie 
spectroscope has taught us so much, there come in order two 

* Some Hlight indicationx of their appearance may be oeen around the t'<> 
large Sun-spots in Plate III. 
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saocessive envelopes or strata, farther n^moved from its centre, 
which are called respectively the inner and the oute?- corona. 
These are only visible during total eclipses. At other times 
their light is not sufficient, either for spectroscopic obser- 
vations, or for those made with a telescope. But during 
the totality of an eclipse, ver}' useful and interesting 
information may be obtained with regard to them. It is 
then easily seen that the photosphere is surrounded by a bril- 
liant region, the lower part of which, although more or less 
irregular in its boundarj', is somewhat distinctly defined, and 
extends to a height which does not in general exceed 300,000 
miles. The outer portion is much more irregular in its shape, 
and is frequently prolonged, especially in the neighbourhood 
of the Sun's equator, into the form of immense rays or 
streamers, which under favourable circumstances may l>e 
traced to a distance of at least 10,000,000 of miles. 

We have much pleasure in putting before our readers a re- 
prodnction, by the Woodbury process, of a most beautiful steel 
engraving, published in vol. xli of the Memoirs of the Royal 
Astronomical Society (commonly called the Eclipse Volume), 
which was compiled and edited with extraordinary care by 
Mr. Banyard, late Secretary of the Society. It represents the 
total eclipse of 1871, and is a copy by Mr. Wesley, the very 
able Assistant Secretan' of the Roval Astronomical Society, of 
a drawing made from the original negatives photogra])hed 
during the eclipse in connection with Lord Lindsay's exi)edition 
at Baikul. We know of no view in which a more beautifid 
and interesting amount of detail is depicted in the Sun's 
surroundings. Nothing, however, has been inserted which was 
not visible in at least three of the negatives taken. The 
general effect of the original will be best obtained by holding 
the Woodbur}'-print between twelve and eighteen inches from 
the eye. 

During an eclipse the spectroscope indicates that the light 
of the corona is partly derived from solid matter, or from 
matter which gives the same kind of spectrum as that which 
is solid ; but that it also consists to a considerable extent of 
ImninouB gas, a large portion of which appears to arise from 
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some element which does not, so far as we are at preseut 
aware, exist npon the Earth. 

It is probable that the Zodiacal Light, which Ib often faintly 
visible, especially within the tropics, shortly after sunset, or 
shortly before sunrise, and which appears to extend almost, 
if not quite, as far as the Earth's orbit, is another still more 
highly rarefied solar appendage, or outer atmosphere, of a lenti- 
cular shape, inasmuch as it has been traced so near to the 
Snn that it is certain that the long streamers of the corona 
must penetrate it to a coosiderable distance. 

Interesting speculations have been started with regard to 
the nature of these long streamers or nLys of the outer corona. 
Their appearance varies very mncb in different eclipses. One 
suggestion is, that they may be caused by the elongated orbits 
of swarms of meteoric bodies revolving in near proximity to 
the Sua Such groups are known to travel in the orbits of 
certain comets, and to produce the phenomena of shooting 
stars when they liecome highly heated by friction as they pass 
throagh the Earth's atmosphere. In the neighbourhood of 
the Sun they are no doubt very abundant, owing to bis over- 
whelming power of attraction and aggregation ; and, as they 
pass through the corona, we can understand that portions of 
some of them may remain in an intensely heated stAte of 
incandescence, while others may be dissipated into Inminous 
gas. 

If the above suggestion be accepted, it is also probable that 
a considerable amount of meteorites of various sizes, many 
perhaps vastly larger than any with which terrestrial traditions 
are acquainted, are frequently drawn into the photosphere 
itself, causing thereby a considerable amount of disturlrance, 
and possibly to some slight extent acting as fuel for the Sun. 
We believe, however, that some other explanation tlian the 
above must be sought for the origin of most, if not of all, of 
the long coronal rays and streamers. Possibly they may be 
connected with a repulsive force existing iu the Sun, or be 
phenomena of an electrical character, or arise from the same 
cause (whatever it may be) which produce h the tails of 
comets. It is very deeply to be regretted that the occasions 
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when we can observe the corona are so few and of snch brief 
dnrstion. 

As to what is the actual temi>eratare of the solar photo- 
sphere we cau say very little. It has been calculated that less 
than one two-thoiisaDd-millionth part of the heat emitted by 
the Sun reaches the Earth. Its effective eniission of heat 
has been varionaly estimated to be eqaivalent to a surface 
temperature less than 'i()(.ni' Centigrade, and rising up to 
5,000,0fKI° Centigrade,— so different have been the conclusions 
at vhtch various investigators of this difficnlt subject have 
arrived. 

The latest attempt to contrast the Sun's temperature with 
that of any terrestrial source of heat is. we believe, that of the 
Amencau astronomer. Professor Langley. So recently as the 
year 187S, he compared the radiation of heat from the solar 
stir&ce by suitable apparatus with that from the surface of 
a m&fis of molteu liquid 30,0t>0 to 4(1,000 poimds in weight, 
and supposed to have a temperature of 1800° to 2000'^ C. 
(exceeding that of melted platinum), which he watched as it 
issued from the mouth of a Bessemer steel converter. The 
result was that he concluded "the minij/tutn value to be 
assigned to the sular radiation must be more than eighty- 
seven times that from an equal area of the molten metaJ. 
Bot he also states that the true value may be indefinitely 
greater." 

This, however, still leaves us without any positive infor- 
mation as to the actual temperature of the general sur&ce of 
the photosphere, or of different depths within it. We can 
only conclude that it must greatly surjiass any degree of heat 
with which we can experiment in our laboratories ; and that 
there ia no n priori improbability in the supposition, previously 
referred to, that it may be sufficiently high to resolve into a more 
elementary atomic state, or into different molecular combina- 
tions, some bodies, which, at the temperatures attainable upon 
the Earth, have been hitherto considered to be elementarj'. At 
any rate, it cannot be denied that in regard to the effects of great 
pressure, or of intensity of temperature, a vast field of spectro- 
scopic research, as yet but slightly invaded, lies open to the 
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stodent. It has also, we believe, been recently suggested that 
hj collecting the heat of the 8na in hage reflectors, and bring- 
ing it to bear in enclosed chambers opon so-called elementary 
substances, results may possibly be prodnced similar to those 
which occnr in the enormonsly heated regions of the Sun 
itself. 

Another very important and most interesting subject for 
investigation is the means by which the Snn's heat is prevented 
from diminishing at a much more rapid rate than we find to be 
the case. Of its very slow diminution we feel no doubt, but the 
solar radiation is so enormous as to indicate that the loss of much 
of the heat given ofiF must in some way be compensated,' Onr 
space only permits us to remark, that those who believe in the 
existence of verj' long past geological periods have found a 
diflScnlty in imagining the original temperature of the Sun to 
have been sufficiently high to provide for the cooling which 
must in the meantime have taken place. Bven if we make 
allowance for the greatest imaginable supply of meteoric, or 

* Since the above was writteo, Dr. KemenH hu luggeated, in a paper 
read before the Rojal Sodetj, a new theorj of solar radiation and action. 
according to which aqueous vapour and carbon compounds are constantly 
being thrown off from the Sun's equatorial parts bj the centrifngal effect 
of its rotation, and (if we understand him rightly) are supposed to be at 
constantlj drawn in again by cnrreuts tending to its poles, after having 
travelled to vast distances, and while there, in a very attenuated state, 
having been dissociated bj the solar heat radiated into space. He termi 
this outdraft and indraft a /an-likr action of the Sun's rotation, and con- 
siders that on approaching it again the gases would become condensed and 
heated, and burst into flame on entering the photosphere; while after i 
time the product* of their combustion would be once more ejected frwn 
its equator. In this way very much of the heat radiated would be 
continuously regenerated, and the loss of that which does work upon 
the planets, and would not be so regained, would be very small. We 
do not venture to criticize this theory, although it certainly seems to as 
to involve some important dynamical as well aa other difGcnIties. It will 
certainly need much consideration before its true bearing upon the 
question of the maintenance of the Sun's heat can be adequately 
weighed. Our readers who wixh to study it may consult the Proceeding! 
of the Royal Society; also an article in N'llurf of March ','th, I8«2, which 
is illustrated by a very suggestive diagram ; and a fuller article in thr 
yinftffnlh Ceniunj magazine of April, 188i. 
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other, fuel, it seems to some who have carefully considered this 
'{uestion to be ioipossible for the existing temperature to have 
remained as high as it is, unless at some past time our San has 
collided with another San. If so, the two bodiea might not 
only have coalesced into one, but the united mass woold have 
been raised by the collision to an almost inconceivable degree 
of heat. On the other hand, it has been lately suggested that if 
the Nebular theory of the Solar System be received, the gmdnal 
shrinking of the Sun from the dimensions of the original 
nebula may have generated a far greater amount of heat than 
has been considered possible, because this shrinkage may be 
far greater than is generally supposed. There may be, far 
within the fiery photosphere which bounds our view, a com- 
paratively small and denser nucleus — a nucleus not seen, as 
was once supposed, through the apertures of Sun-spots, but far 
beneath the lowest vaporous depth that we can fathom. On 
the other hand, some of the greatest authorities on physics 
maintain that the Sun must be vaporous and of comparatively 
light density throughout. 

Such questions are of the deepest interest. They are con- 
nected with some of the most important problems that the 
astronomer or the geologist can attack. They bear upon the 
fatare of our system, its stability, its endurance, or its rapid 
decay. They may be as yet little removed from the domain of 
pure hypothesis, but they must not be lightly put on one side. 
It is by further developments in the use of the spectroscope, 
especially in connection with the study of Alolecular Physics, 
that we hope we may be able to solve the mysteries of the 
present temperature of the Son, and of the other so-called 
fixed stars. If we can do this, we may also be better able to 
judge of what their past lias been, of what their present is, 
of what their ttiture may be. 

Our discussion of the Sun has necessarily been very super- 
ficial. We have, as it were, merely hovered around it, to take 
a brief glance into a few of its marvels. What we have seen 
may, however, have sulBced to show that there is in the Sun 
subject-matter for the study of many a lifetime, — mysteries 
and wondera of never-ceasing interest — which, while they bid 
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US look bevoud themselves to the Power that made them, mav 
well allow us to exclaim with Southey : — 

*' I marvel not. O Sun ! that unto thee 

In adoration man should bow the knee, 
And pour the prayer of mingled awe and love ; 

For, like a god thou art, and on thy way 

Of glory sheddeftt. with benignant ray, 
Beauty, and life, and joyanoe from above/' 
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LECTURE m. 

THE MOON. 

" How like a queen comes forth the lovely moon 
Prom the alow-opening cuTt^ne of the clouds ; 
Walldng in beauty to her midnight throne ! " 

The Mood, althougli by no means importarit in size, in some 

respects surpassea in interest every other heavenly body. la 

the soft, mellow light of a moonlit stimmer'a evening there 

is a fascination {icciiliar and almost indescribable. In the 

principal shadings upon its disc visible to the naked eye we 

see the origin of the myth of the old Man and his bundle of 

sticks, which is diffused through nearly every savage as well 

as every civilized nation ; in the wondrous scene of valley and 

moantain, of landslip and crag, of cleft and crater, exhibited 

j in onr telescopes, we behold details which woidd be altogether 

I invisible at the vastly greater distance of the nearest of the 

I planets; in the accurate determination of its exceedingly com- 

I plicated orbit, and of the many irregularities of its motion, 

the most accomplished mathematician may tax his utmost 

skill ; while in its ever-recurring phases, in its tidal action, 

in its imagined power over the weather, as well as in other 

respects two numerous to mention, the Moon is closely con- 

I nected with the events and business of everyday life. Surely 

we may assume that our readers will join us in feeling a 

special interest in it« study. 

That study may be most conveniently divided into two parts ; 

j the one connected with the theory of the lunar orbit, the other 

involving the physical observation of the Innar surface. Of 
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these, the former, although of less popular interest, is in other 
respects of at least equal importance. 

The determination of the Moon's orbit, and the investigations 
connected with the estimation of its size and weight, and of 
thp tidal efiFects which it produces, are necessarily of a mathe- 
matical character ; and consequently (apart from their own 
intrinsic value) are of great benefit as a mental exercise to 
those who study them. On the other hand, the physical 
observation of the Moon's surface suggests many considerations 
as to its past history, and the relation of that history to the 
past and the future of the whole Solar System, which are of 
the highest interest. We will therefore endeavour duly to 
apportion our remarks between these two branches of lunar 
study. At the same time we must ask the kind indulgence of 
those of our readers who may find the first and more abstruse 
portion of our subject less interesting than the second. 

As in the case of the Sun, so in that of the Moon, the first 
thing to be determined is its distance from the Earth. And, 
fortunately, that distance is so much less than the Sun's that 
we' are able to employ the surveying method of observation, 
explained in Lecture I., pages 2 and 3. In actual practice, the 
application of the method involves many refinements which 
are necessary in order that its use may be satisfactory. But 
the principle of the surveying method is independent of all 
such refinements. It simply depends upon the determina- 
tion of the diflFerence of the directions in which two places of 
observation upon the Earth look at the Moon at any given 
instant. Their distance from one another being known, the 
calculation of the Moon's distance from either of them is 
reduced to an ordinary problem in trigonometry. And the 
distance of the Moon from the Earth's centre may then be 
found with equal facility. By the employment of observations 
made at such localities as Greenwich and the Cape of Good 
Hope, the mean distance between the centres of the Earth and 
of the Moon is proved to be about 239,000 miles. This is a 
fact with which, in these days of widespread education, we 
may perhaps assume that most persons are well acquainted. 
Bat it is much less generally known how greatly this distance 



vaiifsj'rom its mean rulue, or, in other words, how much llje 
Moou's orbit, relatively to the Earth, lUflers from a circle. 

1q fact, the greatest and least possiUe distances of the Moou 
from the Earth are abont -o3,0<K) ami 222,000 miles ; the 
difference amounting to about 31,000 miles, or to nearly }th 
part of the least distance. 

The Moon's actiinl orbit is so intricate that we will not 
a:tem]it to explain any of the various pertnrbations by which 
it is affected. They chieflv arise from the difference between 
the magnitude and direction of the Sun's attractions upon the 
Mood and upon the Earth ; which difference again depends, not 
ouly npon the form which the Moon's path would have, if 
unperturbed, and the Moon's ever-changing jiosition relatively 
to the Earth, but also upon the deviation of the Earth's own 
orbit from a circular I'orm, and the inclination of the Moon's 
orbit to it. Subsidiary perturbations moreover result from those 
which may be termed primary, while some arise from the 
attraction of the planets aud other causes. If the Sua and 
planets did not exist, the Moon's path relatively to the Earth 
would be an ellipse, in which the greatest distance would be 
about Jth part greater than the least distance. Wheu, however, 
the perturbations are allowed for, the fractiou approaches the 
value |th, as above stated. 

One interesting result which of necessity follows from any 
change in the Moon's distance from the Earth is a corre- 
sponding chauge in its apparent size. The angle subtended 
by its diameter at an observer's eye (or at the Earth's centre), 
will very nearly vary inversely as its distance. The apparent 
width of the disc may therefore sometimes be a 1th part 
greater than at other times. 

But its apparent area may vary to a much more important 
extent. At one time it may be represented by the square of 
the number 7, i.e. by 49; at another time it may correspond 
nearly to the square of 8, which is 1)4. These numbers, 49 
and 04, being almost in the ratio of 3 to 4, it follows that on 
some occasions the apparent area of the Moon's disc may be 
nearly jrd part larger than on others. Its full phase never 
exttiCtly occurs wheu it is at its greatest and least possible 
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distances from us, but the increase of its light at such times 
may approximate within a moderate amount of the above ratio. 
An especial proximity of the Moon to the Eartli may occa- 
sionally have helped to produce an increase in its light, which 
some of our readers may have altogether attributed to the clear- 
ness of the night, or to the Moon's elevation above the horizon. 

The Moon's average distance from the Earth is about ^i^th 
part of that of the Sun (more accurately, about uJ^yth). Its 
apparent size is, however, always nearly the same as that of 
the Sun, although it may occasionally appear to be rather 
smaller, instead of, as in general, slightly larger than the great 
globe whose light it reflects. It therefore follows that its 
diameter cannot differ much from -^t\\ part of the Sun's 
diameter of about 865,000 miles, in order that the difference in 
their real sizes may be so nearly compensated by the difference 
in their distances. The most accurate calculations give about 
fths of a mile less than 2160 miles as the value of the Moon's 
diameter. 

The Earth's diameter being rather more than 7,900 miles, 
the Moon's is therefore rather less than ^ths of that of the 
Earth. And, the surface and volume of a globe respectively 
varj'ing as the square and cube of the diameter, a little 
arithmetical calculation shows (by squaring and cubing the 
above fractions) that the Moon's surface is somewhat less 
than rV^hs, and its volume somewhat less than ^f ^rds of the 
surface and volume of the Earth respectively. More accurate 
values are found to be between ^^t\i and y^^h for the surface^ 
and about jV^h for the volume. The fractions 'i, -^^^ ^^^ * are 
easy to remember, and sufficiently accurate for all ordinary 
purposes. 

The Moon's mean density is generally stated to be about 
4ths of that of the Earth, or about 3i^ times that of water. 
There is, however, a considerable amount of vagueness involved 
in making any such statements as to the densities of the 
heavenly bodies. If, for instance, we speak of the Earth's 

* These are suggested by Mr. Proctor, in his valuable work upon the 

Moon, in which the various methods of obtaining its weight, which we 

shall presently mewiionm this Lecture, will be found more fully explained. 
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mean density as approaching nix times that of water, we meao 
that a glolwof the size of the Earth, ifaolid, nnd of uniform 
composition tkroughoiU, would have to be made of Bome 
substance nearly six times as heavy as water, in oider to be 
of the same weight aa the Earth. But we cannot Ik.- at all 
certaiu that the earth is solid throughout, there being many 
reasons in favour of a contrary suppositiou. We are, moreover, 
sure that it is not composed of materiaU of uniform density. 

It 18 cunsequently more advisable, in an elementary dis- 
cnssion such as the present, to speak of tlie weight of the 
Moon as a whole, independently of any consideration as to ita 
solidity or uniformity of constitution, rather than to attempt 
tjj oorapan! its mean density with that of the earth or of 
water- 
Let us tlierefore now proceed to notice some of the principal 
ways in which the Moon may be weighed, all of which we 
shall find agree in proving that its weight is to that of the 
Earth in the ]iroportion of about 1 to 81. 

One method of investigation which hax been snccesafully 
used depends upon the fact, to which we have already briefly 
alluded, that, if two bodies suspended in space, as are the Earth 
and the Moon, mutually attract one another, the smaller will 
not simply revolve round the larger, but both will revolve 
round the common centre of gravity of the two. If one be 
much larger than the otlier, this centre of gravity will be 
much nearer to that one, and may even be within its surl'ace. 
Indeed, in the actual case of the Earth and the Moou, the 
point in question is situated at a distance of only about 3,000 
miles from the Earth's centre, i.e. about 1,000 miles within ita 
surface. 

Moreover, two such bodies will revolve as if attracted by a 
mass placed at the above point efiual to tlie sum of their 
maases. These statements depend upon an elementary but 
very important theorem in dynamics. Keeping it in mind, 
we watcli the. Moon's movements. We neglect that part of its 
motion which it has in common with the Earth around the 
Sun; and, as accurately as we can, we allow for any com- 
»ratively slight difference between the Sun's attr&£t.iQu% \».y=i'«v 
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it and upon the Earth. The rest of the Moon's motion may 
lie described as that which it has in its apparent path round 
the Earth. We tlierefore observe how long it takes to circoit 
once round our globe, in the course of what is termed a sidereal 
month. Thon, as we are already suppuse*! to know its distance 
from the Earth, we can, i'rom the above dui-ation of its circuit, 
not only calcnlate the correeponding velocity of its movement, 
hut also estimate with what power it must, at each moment 
of its course round the Earth, he drawn by some force or other 
oat of a rectilineal path into one having the curvature necessarT 
to carry it round at the distance in question. 

The theorem, however, which we have meDtioned teaches us 
that this curvature will be such as the attraction of a mass (or 
weight) equal to the sum of those of the Earth and Moon would 
effect ; and we know the Earth's weight, and how much of this 
effect it would hy itself produce. The fidditional effect which 
is observed consequently enables us to discover what proportion 
the Moon's weight bears to that of the Earth. A good mauy 
precautions are necessary in the practical aj)plicatiou of this 
method ; the final result is, however, very satisfactoiy. 

Another investigation depends upon a mottthly motion of the 
Earth about the common centre of gravity of itself and the 
Moon, which is also involved in the theorem to which we have 
already referred. Tliis movement of the Earth causes it to be 
alternately slightly more or less advanced in its annual path 
round the Sun at intervals of half a lunation, than otherwise 
would be the case. From careful observations of the consequent 
alt^^ration in the direction iu which we hiok at the San at such 
times we are able to judge how far the Earth is in this way 
moved. Or instead of observing the effect produced upon the 
direction in which we look at the Snn, we may note Uie much 
greater effect which (owing to the greater nearness of the 
planet) the movement in question will have upon the apparent 
<Urection in which we sec Venus, at times when it is especially 
near to the Earth. 

In either case we find an effect prodnced which shows that 
the Earth is displaced by a distance, n»nglily speaking, equal 
to about H^nd part of its distance from the Moon. It follows 
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that the centre of gravity of the Earth and the Moon tlivideB 
the line joining them into two portions, which tire approxi- 
mately as the nnmbera 1 and 81, or that the Earth's weight 
is about 81 times that of the Moon. 

A third methwi, the explanation of which is too complicated 
for our present discnssion, is related to certain effects of the 
Moon's attraction npon the protuberant matter of the Earth's 
eqnatoreal regions, which depend upon the inclination of her 
orbit to the equator. These effects prodnce periodic nutations, 
or variations, in what is termed the precessional motion of the 
Earth's axis, from the amount of which nutations the value of 
the Moon's weight may be obtained. 

A fourth method, more simple, although by no means so 
accurate, depends upon the determination, as the result of 
long-continned observations, of the mean heights of spring 
and neap tides in the open ocean, where they are unaffected 
by local causes. It is found that the average heights of such 
tides are nearly in the ratio of the numbers 41 and 15. 
From this it results that the Sun's power to produce a tide 
must be to the Moon's as 2H to 13 ; their effect, when they 
act jointly, and cause what is termed a spring tide, being repre- 
sented by the sum of these numbers, or 41 ; and their effect 
in a neap tide, when they are opposed, l>eing represente<l by 
their difference, which is 15. But a simple deduction from 
the law of gravity requires that these effects must also be in 
the ratio of the weights of the Run and Moon divided by the 
cubes of tlieir respective distances. These distances being 
assumed to be known, a by no means difficult calculation' 
• The calculation involvetl may be very roughly indicated aa follows: — 
The Moon's tidal power is to the Sun's. 

But the Sun's distnnco from the Earth is abont 390 times the Moon's. 
which nnmber cubed equala very nearly 60,000,000. The two tidal 
powers being found by observntion to be as 28 to 13. it follows that the 
San'H weight must be 60.000,000 times Uths of tba Mood's weight, i.e., 
rather le«H thnn 28,000,000 '.imes. But the Sun's weight is known to be 
about 330.000 times the Earth's. Dividing -28,000.000 by .'130,000 the 
Earth's weight comes out about 86 times the Moon's, a result not very 
different from the true value. 
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gives' about ^ as tbe fraction which the Moon's weight is of 
that of the Earth. 

By such Tarious processes, the results of which agree so 
very satisfactorily, is this important and interesting value 
determined, so that we are able to state with the greatest 
possible certainty that the Earth's weight is almost exactly 
81f times that of the Moon. We may, on another occasion, 
attempt to show that we are even able to achieve the wondrous 
feat of weighing some of the fixed stars, notwithstanding their 
almost inconceivable distance from us. At present let it suffice 
to have explained that there are several independent methods 
by which we can weigh the nearest of the heavenly bodies, 
albeit even that one, comparatively near as it is, is separated 
from us by an interval which never fiedls short of 220,000 
miles. 

Thus £Eur we have spoken of the Moon's distance from the 
Earth and oi its weight, and have only incidentally assumed 
that it is the Earth's satellite, accompanying it in its annual 
journey round the Sun. Our next attempt shall be to form a 
somewhat more accurate conception of the Moon's actual path 
in space, while mpnth by month it appears to us to circle round 
the Earth in the opposite direction to that in which the hands 
of a watch go round when we look at its face, or with a 
rotation whidi is termed from west to eastj and ^ich 
oonesponds in its direction with that of the Earth on its 
axis, and of the Earth and all the other planets in their orbits 
round the Sun. 

That this is the case may easily be seen, notwithstanding 
that the axial rotation of the Earth from west to east 
introduces some little difficulty into the observation by 
making the Sun, Moon, and sters all apparently go round 
the sky from east to west in rather less than twenty-four hours. 
For if the Moon, while so appearing by this latter effect to 
move from east to west, be carefully watched, it will be 
noticed that it is at the same time actually travelling from 
west to east amongst the stars with a speed which is of no 
small magnitude. If it be seen to be at a certain distance east 
/ of some bright star at a given hour, ooe hour afterwards it will 



be further to the east of the etar l>v rather more than its own 
diameter ; in two hoars by more than twice its own itiameter, 
and BO on ; and this rate of motiou takes it once round the 
heavens from west to east in about 27g days. 

The Moon's mean distance from the Earth being rather less 
than 240,000 miles, and the circumference of a circle of that 
radina being about 1,500,000 miles, it follows that its average 
speed in journeying round the Earth mnst be at the rate of 
rather under 55,000 miles per day, or of about 2,280 miles per 
hoar. But the Earth itself is all the while revolving round the 
Sun, with a speed of about 66,0<X) miles per hour. In onler to 
keep in close attendance upon it, the Moon must therefore, in 
addition to its above-mentioned velocity round the Earth, also 
possess a velocity equal to that of the Earth round the Sun. 

The Moon's motion is consequently compounded of two 
velocities ; one of alKiut 66,000 miles per hour round the Sua; 
the other of about 2,280 miles per hour round the Earth. 

We are at once struck with the vastly greater magnitude 
of the former. It shows that, so far as regaids its position 
in space at any given time, the Moon's motion round the 
Snn is much more imimrtant than its motion round the 
Earth. We are consequently led to eoqiiire wlietlier the Kup 
or the Earth exerts the greater influence on the Moon. And 
a little calculation will show, in opposition to what might at 
first sight have seemed pruliable, that the Sun has more than 
twice as mnch effect as the Earth in attracting the Moon. 

The weight of the Sun is alwut 3aO,(KXi times that of the 
Earth : but its distance from the Earth being about 390 time» 
as great as that of the Moon, its attractive effect is thereby 
proportionally diminished, the diminution depending upon the 
square of tlie dist^ince. If we square the number 390 the 
nfsult is 152,100. It consequently follows that instead of the 
Sun's power over the Moon being 3;iO,(K)0 times that of the 
Earth, we must, in order to get the tme value, divide this 
number by 152,100. The quotient is 2 and a fraction, which 
proves that the Sun's power over the Moon is after all more 
than twice as great as that of the Earth. 
Iq either case the power exerted bends tlie Moon's path 
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from the Btraighl Hue, or tangent, along which, if left alone, it 
would at any moment proceed, into the curve in which it 
actnally moves. The power of the San to jiroduce this ijfiFect 
enables it to pull the Moon away from such a straight line 
towards itself in each successive second of time, through il 
distance equal to aljont iVoTpths (or nearly yV^lis) of an inch. 
In one minute the effect would not be GO times as great, but, 
according to the law which holds in such cases, 00 times 60, or 
8,600 times ; so that the pull of the Sun upon the Moon wonld 
in one minute deflect it from a rectilineal path through a 
distance of about 3i5 feet. The Sun is of course constantly 
«xerting a similar power upon the Earth, and curving its orbit 
almost exactly to the same extent. But as far as the J'Jarth's 
attra<;tion njion the Moon is concerned, apart from that of the 
Sun, the orbit nf the Moon round the Earth is only curved so 
much as to draw it towards the Earth out of motion in a 
straight line to a distance equal to about j-o^ijths (or about 
^ths) of an inch per second, or about 16| feet in a mimit«. 

Remembering this, let us first of all consider the circnm- 
Btances of the Moon's motion when it is in the position of 
New Moon. Let Ihi' Mi'im be situated at M (Fig. XI.), which 
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we may, for simplicity, imagine to be exactly in the straight 
line, E8, joining the Earth (which is supposed to be in the 
direction mb) and the Sun (which is snpposeci to be in the 
direction ms). The Moon has, as we have explained, a velocity 
of about 66,000 miles per hour from west to east round the 
Sun. In one minute it wonld consequently move from m to f, 
'u a direction perpendicular to ms, through a distance of about 
,J 00 miles, if no attraction of the Sun or Earth continued to 
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act upon it. But we have stated that the Moon has also a 
velocity of ahoat 2,380 miles per liour from west to east roond 
the Earth. As m is on the opposite side of the Earth to that 
which it occupies with regard to the Sun, it is easy to see that 
its rotation from west to east round the Earth will uot carry it 
from M towards f, but towards q, in exactly the opposite direc- 
tion, through a distance of about 38 miles in a minute. The 
combined result is a motion equal to the difference of these 
two, or of about 10(12 miles in a minute towards f. I^et this 
distance be mp. During this minute, however, the Earth's 
attraction would, as we have mentioned, bend the Moon's path 
towards itself (i.e. in a direction approximately parallel to mb), 
through a distance of about 16^ feet. Let this be ph. Then b 
will represent the position which the Moon would have at the 
end of a minute after leaving m, on the supposition that the 
Sun's attraction were not acting npou it. 

But the Suu wonld curve the path in the opposite direction, 
and with more than double power, so as to draw the Moon 
towards itself, through about 3.5 feet in the minute of which 
we are speaking. We therefore measure us equal to 35 feet, 
and N will be very approximately the real place to which the 
Moon will attain. 

The Earth will in the meantime have moved onwards, so as to 
be still within its proper distance of about 240,000 miles from 
the Moon ; but this is not important as regards our present 
explanation. Tlie essential point which is involved is this, 
that although in the diagram the lengths of rp and prj are 
necessarily immensely exaggerated, and em and Ms are drawn 
very much shorter than they really are, the concavity of the 
Moon's path from m to s will clearly be turned towards the Sun. 

And it' this is the case when the Moon is New, the tmth of 
the statement, which we may now make, that llie Moon's path 
is alwaijs concave to the Sun, may be easily realized. For 
under no other circumstances will the Earth tend to draw it so 
<lirectly yz-om the Sun as in the case we have just considered. 
At the time of Full Moon it will, in fact, draw it direi^tly 
tomartla the Sun, and make the concavity of its path towards 
that luminary so much the more pronounced. In other 
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positioDs the effect of the Earth'a attraction will be of an 
iat«rme(iiate character. The position of Xew Moon is the 
critical odl-, and if the path is then (as we have proved to be 
the case) concave towards the Sun, it mast always be eo. 

The orbit of the Moon round the Earth is indeed so small 
compared with that of the Earth round the Sun, that we mar 
even speak of them as both {joing round together very nearly 
in the same orbit, — the Earth at a mean distance of about 
tf3,000,Oi:M) miles and with a sjieed of about ((tS,000 miles per 
bour, — the JIoou with a speed wli ich is, perioiiically, about 2,300 
milea greater or less than the Earth's, auU varies from about 
64,000 to 08,000 miles iier honr; while its distance alternately 
exceeds or falls short of that of the Earth by about a quarter 
of a milliou of miles. This variatirtu of distance is, however, 
BO small in coniparl^jon witli the radius of the Earth's orbit, 
that it is almost impossible to represent it upon any scale with 
which a diagram can conveniently lie drawn. It is a comjtarB- 
tively trifling quantity in contrast with the changes to which 
that radius is itself subject in the course of a year, as the result 
of the ovalucss of the Earth's orbit, by which in midwinter of 
our northern hemisphere we find ourselves about 3,tM.M),000 
miles nearer to the Hun than we are in midsummer. 

To those who may find some difficulty in realising how the 
Moon can really go round and round the Earth month by 
mouth while it is all the time moving in an orbit round the 
Sun, which, like that of the Earth, is always concave to it, an 
additional diagram may {wrhaps be of use. Let m,, u^ h^, ii„ u^ 
in Fig. XIJ. represent the Moon's orbit ; e,, e^ jc^ it„ Ej that of 
the Earth. When tlie Earth is at b„ let ns suppose the Moon 
to be at M, ; when the Earth is at e^ e^ e„ k, respectively, let 
the corresponding places of the Moon be Mj, h„ m„ m,. At m, 
the Moon will be New ; at m, and m, it will be Full ; the 
portion of its path which we have drawn corresponding to an 
interval of a month." The curves are intended to n-present 
the adjacent orbits of the Earth and Mood, both being concave 

' The moDth in qutetion in termed a vycodic month, aad exoe«ds 
a md«nAl montli (or the int«rt>l in which the Uoon pGrfomw oaa citvaJt 
ruund the Earth) by ntber more than 2i dajs. It may be mm fatn 



to the Smi, and in compartsou with its immense distance, cloBe 
to one another. Then it may be nuderstood that at m, the Moon 
will be moving ouwarib faster thui] tlif Kjirtli, and will keep 




in advance of it nntil, half-way between the time of Full and 
New Moon, they occujiy the relative jiositions m, and E;. 
After this, the Moon's speed will gradually fall more and more 
ehort of that of the Earth, aud the Earth will gain upon it 
nntil, at the occurrence of New Moon, tlieir places are Mj and 
Eg. The Earth next keeps in advance, although the Moon's 
speed is gradually anguienting, imtil, after the lapse of another 
quarter of a Innation, they are to be found respectively at m, 
and E^. Once more the Moon will gain upon the Earth until 
at the next Full Moon their positions are Mj and e^. During 
the middle half of the month the Moon's 
path is seen to be farther away than the 
Earth's from the Sun ; during the other 
two quarters it lies within it. 

A subsidiary diagram, Fig. XII I., drawn 
upon a larger scale, shows that an observer 
upon the Earth would at first see the Mlkiu 
in the direction em,, presently in the direc- 
tion EM,, (corresponding to the places e, 
and Hj in Fig. XII.), next in the direct! 

Figures XII. nnd XIII. tbat the Mcon ba* to HeBcribe this additional 
portion of a Qother revolution between bein{ twice in fluccesaion Full or 
New, in consequence of the onward motion of the E^i'th aroQnd the 
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direction em„ and ao on. Although, therefore, its orltit round 
the Snn is, as we have stated, nearly the same as tliat ol" 
the Earth, it ia abntniantly evident that the Moon will a,ppear 
to an observer on tlie Earth to travel round and round the 
latter month by month. 

We have endeavoured to elucidate this point somewhat fully, 
not only because the mental effort needed to comprehend it 
may, we hope, be useful to some of our readers, but because it 
may assist them in realizing the vast scale upon which the Solar 
System is constructed, by showiug how insignificant a matter 
the Moon's orbit round the Earth really is. The point i«, 
moreover, one which is insufficiently explained in some astro- 
nomical test-books, in which diagrams resembling Fig. XIV- 
have been used to represent the paths of the Earth and of the 
Moon. We ivonM fiiiri hnjH- thnt rlinsc wlio have perused the 





preceding explanation will henceforth understand how much 
the real orbit of the Moon differs from any such wavy curve. 

We may sum up the conclnsions to which we have so far 
attained by stating that the Moon, in regard to the Earth, may 
be termed its Satellite or atten<lant ; but in regard to the Sun, 
it nhould rather be termed a Planet, its orbit round the Sun 
being BO little changed by the Earth's attraction that it always 
remains concave to that great tentml luminary, like that of the 
Earth itself, although the degree of concavity is slightly less 
than in the Earth's orbit when the Moon is New, and greater 
when it is Full. The verj- slight difference in the two orbits 
alsii involves the fact that the Sun attracts them both with 
nearly the same power, and that consequently the Moon does 
not desert the Earth, although the Sun's power over it is more 
than twice as great as that of tlie Earth. It could, indeed, only 
do 80, if at any time the difference between the Sun's power over 
it and ovpr the Eartli were greater than the Earth's attraction 
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Upon it. But tliis difFerence being always very small, the 
two keep in near proximity to each other while they pursue 
their respective paths around the Sun. Even if the Earth 
ceased to exist, the Moon's orbit round the Sun would continue 
to be very little difl'erent from what it now is; nor would the 
Moon, in that respect, much feel the absence of its lai'ger 
companion. 

We ninat now pass on from the theory of the Moon's 
movements to that of its Phasen and Librations. We are 
all accustomed to the regular course of the former as, mouth 
by month, we watch the alternate waxing and waning of the 
full circular disc from the narrow crescent, seen two or three 
days after the Moon is New, whose delicate beauty almost 
tempts us to exclaim : — 

" I would that s.t]jcct never might be changeil. 

Nor that flue fonu, m spirit-like, be spoileii 

Willi foUer tight. 

Keep thu delicious hooDur of thy youCh, 

SwGut Bister of the Sou, more benuteous thou 

Than he sublime I " 

But the explanation of these Phases is not a verj- simple 
matter, unless certain mathematical propositions can be 
assumed or certain experimental demonstrations be given. 
It is easy enough to understand that one-lialf of the Moon's 
surface is always illimiiuated by the Sun, and that the whole of 
that illuminated half is seen at the time of Full Moon, while 
the dark half is turned towards us at the time of New Moon. 
The next point to be realized involves, however, slightly more 
diflSculty, viz., that when we look at the illimiinated hemisphere 
of the Full Moon, the appearance presented, owing to its 
distance from us, is not that of a hemisphere, but that of a 
flat, circular disc, which is, in mathematical language, the 
projection of the hemisphere upon a plane perjiendicular to 
the line of sight. 

But to come to something still less easy, let us suppose 
that just one-half of the hemisphere, which we sec, is 
illuminated. The boundary between the light and dark parts 
seen will in this case be a circle passing half-way round the 
spherical surface of the Moon. But, as the whole hemisphere 
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previously appeared like a flat circular disc, we ahall ia like 
maaner now see the half of it, as though it were boiinfled by a 
straight line passing throDgh the centre of that disc. In other 
words, the bonnding edge of the bright portiou when the 
Phase is half-fall, which ia really a aemi-circle })a3sing half- 
way ronnd the Moon, will louk like a straiirht line, bfcause w«bHH 

CD I 

Kia. XV. -Moon foil. Moon luilf-fuil. 

are unable to realize the protuberance of the central portions 
<if its globe towards us. What we see consequently appears, as 
in Fig. XV., to be one-half of a circle, although it is really one- 
half of a hemisphere. 

Perhaps the following perspective drawing may help tti 
illnstrat^.- this still more clearly. Let PMNy in Fig. XVI. 




represent in perspective that half of the Moon's surface which 
supposed to be seen illuminated. An eye at e, looking along E s 
towards o. the Moon's centre, is unable to judge of the small 
difference between the distances ep, bv, kq, and, the semi- 
circle PNQ conseiinently ap))earing as if it were projected in1 
the straight line poq, the illuminated half- hemisphere 
/a Been as the semicircle PogM. 
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W we next Huppoae the Moon, after having been reduced from 
Full, liali'-way towards being New, to continue to approach 
uearer and nearer to the latter position, one boundary, pmq, 
of the enlighteued part will remain unaltered, while the other, 
I'KQ, will always hv a semi-circle on the Moon's surface 
passing through p and Q. But pnq will be gradually turned 
more and more away from our line of sight, and will draw 
nearer and nearer to pmq. As it does so it will neceaaarily 
appear to form a curve, on the disc of which we have previously 
spoken, which will always pass through !■ to q, but will 
gradually change from the straight line poy, first having the 
form of a very mnch flattened ellipse, then of one more curved, 
and so ou; until at last, just before New Moon, it will nearly 
coincide with the circle pmq. 

The appearances will, in sufcssinn, be mirh as are shown in 
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the drawing in Fig. XVII., taken in order from left to ripht, 
The same drawings, taken from right to left, may illustrate' the 
increase of the phase of a New Moon, during the first quarter 
of a mouth. A similar explanation will also account for the 
appearances which the Moon presents when it is more than 
half full, dining wliit-h tirjif it is technically said to bi' gibbous. 




Id this case the elliptic Iwundary is simply turned the other 
way, as in the drawings in Fig. XVIII., which, according as 
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they are taken in order from left to right, or from right to left, 
may serve to indicate the changes of phase during the second 
and third quarters of the month respectively. 

To those who are familiar with the theory of projections, or 
even with the ordinar}' rules of perspective, the above explanation 
involves no difficulty. To others, we fear, it may be somewhat 
troublesome to realize that a boundary, which is really circular, 
may at one time appear to be a straight line, and at other 
times an ellipse of vacrying degrees of ovalness. 

The next point which, calls for special attention is, that the 
Moon always turns nearly the same half of its surface towards 
our view ; the reason being that it turns once round upon an 
axis which is nearly perpendicular to the plane of its orbit, 
while it travels once round the Earth. We are aware there 
are some who still deny this truth, even as there are those still 
to be met with whose ideas of parallax encourage them to deny 
the spherical shape of the Earth. With such we do not wish 
to argue. But for the sake of others we remark, that to prove 
the Moon's rotation upon its axis, it is sufficient to ask any 
one to walk round a circular table, while all the time he keeps 
his face turned towards its centre. If when he begins to walk 
round he is looking east, he will be found, when half-way 
loondy to be looking west, and at two intermediate positions 
north and south respectively. When half-way round he has 
turned his face from east to west, or in other words, he has 
tamed himself exactly half-way round about a vertical axis ; 
and by the time that he has gone once round the table, he has 
also turned himself through one entire revolution, and has 
passed through the four positions, in which his face has re- 
spectively lofiked east, north, west, and south; or east, south, 
west, and north; according to the direction in which he has 
walked round the table. In exactly the same way the Moon 
must turn once round, or very nearly once nniiid, upon its 
own axis, while it goes once round the Earth, in onler to 
keep very nearly the same face turned towards the Earth's 
centre. 

It is simply because this motion round its own axis is 
nnifonuj while there is some considerable amount of variation 



in it3 speed id its orbit rouad the Earth, that it does not 
always show ii9 exactly the same face. In fact, according aa 
the Moon travels, during any given time, rather more (jnictly 
or more slowly than would accord with its mean rate of 
motion, we see a little more, which we shonld not otherwise 
see, upon one side, or the other, of the disc usually visible to as. 
This effect is technically termed a Libration. 

But in addition to this it is also found that the Moon's axis 
of rotation is not qnit« perp^dicular to the plane in which she 
travels round the Earth. The result of which is, that, in ditferent 
parts of her path, we see somewhat beyond each pole alter- 
nately, jnst as the Sun shines, or an observer upon it would 
see (although to a much grc^ater extent), beyond the two poles 
of th" Earth, alternately, in the course of a year. In this way 
we once more obtain a view, at ditferent times, of somewhat 
more than exactly one-half of the Lunar Disc. 

There is also a tfiirtl kind of Libration, which deserves 
mention, called the Diurual Libration. As any place of obser^ 
ration is carried round by the rotation of the Earth upon 
its axis, it is thereby changed in position to a considerable 
extent in the course of twelve hours ; in fact, the change for a 
place upon the Equator (as we have explained in discussing 
the determination of the Sun's distance by observations of 
Mars ; Lect. I., page 16) is nearly equal to a distance of 8,000 
miles, or to the length of the Earth's diameter. And from 
these two different positions there may be seen two slightly 
different views of the Moon, which if put together would include 
rather more than one-half of its surface. 

A similar effect may be obtained by two observers situated at 
a considerable distance apart upon the Earth. They will see, 
at the same instant, the one a little beyontl one part of the 
edge of the disc which would bound the view of an observer 
at the Earth's centre, and the other a little beyond another 
part of it. By the combined effect of all these causes, 
opportunities occur, wliich enable us in a loog succession of 
observations, made upon suitable occasions, to see nearly 
three-fifths of the whole surface of the Moon. It must, 
however, be allowed that a good deal of the outlying portions 



thus seen is so near to the edge of the disc, that it is nmch 
foreahorteued, and very unfavourably sitnated for observation, 

As a summary of these remarks, we may therefore state that 
it la not strictly true to say that the Moon always turns the 
same face hi the Earth. But it is true that it revolves once 
upon its axis (with almost absolute uuiformity), during each 
one of its revolutions round the Earth ; and that, if its orbit 
round the Earth were exactly perpendicular Ui that axis, and 
ite motion in it exactly uniform, an observer at the ceutre of 
the Earth would always see the very same half of its surface. 
If we are only speaking in general t4?rms, we may be permitted 
to use the phrase, that it always turns thtt same face to the 
Earth. Id a more accurate statement we must allow for the 
libratorj' effects produced by the two causes we have named, 
and for the small additional effect pixxluced by the movement 
of an observer iu space, owing to the Earth's daily rotation, 
or to his own journeying to different parts of its surface. It 
is by allowing for these effects that we find that an addi- 
tional ^th of the Moon's surface may be seen, although iu 
general ver\' obliquely; which ^'yth added to j makes up 
altogether nearly jths of the whole. 
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LECTURE IV. 

THE MOON (continued). 

■■ MeHiiwhilc the Moon. 
Full orU'd. Hiid breaking thruagb Ihu scattvr'J tlooi 
Bhowti bcl bnwl visnge In the crimson easT, 
Tarn'd to the .Suii directs her spotted disk, 
Where mountaing rise, umbrageons ilnlea descend 
Anil cdTcms deep, as obliqae tuboi dcserj ; 
A smaller earth, irires nil his blaxe again. 
Void of its flame, and nhede a fmftcr daj." 



To many lovers of astronomy there is a charm in the study 
i)f the pliysicnl condition of the Moon's aarfaee, far surpassing 
any pleasure they may feel in the complicated theory of its 
movements. Even to the naked eye there is evidence of 
the existence of various configurations of form and feature, 
abundantly sufficient to excite a wish for a closer view ; 
while in a good opera-glass many irregularities may he noticed 
in the inner edge of the lunar crescent, — mountain peaks which 
tower up to catch the Snn's beams, while the intervening 
valleys lie invisible in the shade. But a small telescope 
discloses a scene of marvellous beauty ; and one of greater 
power reveals innumerable details full of the deepest interest. 

It is from three to eight days before, or after, it is new, that 
the most striking views of the Moon are obtained; because 
the light of the Suu, at such times, shines so obliquely 
npon the formations near to the edge of its bright crescent, 
that all inequalities of the snrfaoe are thrown into prominent 
reliefbythe intensely black and sharply -de6ned shallows which 
fall behind them. On the contrary, wheu tlie Moon is nearly 
fall, although certain delicate markings are then beet seea^ 
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jrreg^alarities of level arc almost obliterated, siDce tbe bud- 
light no longer lueets tliem obliqnely, but shines 80 nearly 
Tertically upon thenj that their shadows almost disappear. 
The marvellous relief of mountain and valley ia gone, and 
the scene is comparatively tame and iininten-sting, except 
to an advanced and ex])enenced student. 

It may be well if we attempt to put before our readers some 
faint idea of what may be seen in a powerful telescope when 
! of the larger lunar formations is m a favourable position 
for observation. In very many instances a mighty mountain 
range rivets our gaze, of vast dimensions, and of an approxi- 
mately circular contour. It rises to a height, in places, of 
10,000 to 12,(100 feet, or more, above the general level around 
it. We very likely notice that in many parts this circular 
chain of mountains is fonuetl oi successive ridges or steps, 
which t«ll us that at inter\'als in it* past history huge laud- 
slips have nishal in headlong rout and ruin down its sides. 
We may also see the shadows of many shaqi and jagged peaks 
into which the uppermost edge is riven. 

Within the mountain circle there lies in general a com- 
paratively level space, usually depressed far below the regions 
outside it ; so that, while tlie ring of mountains may rise some 
10,000 or 12,000 feet above the exterior level, this interior 
plain may be 20,000 to 25,00(i feet below the summits that 
tower above it. Hundreds of such approximately circular 
formations may be detected, ranging in size from a very few 
miles to 120, or even 150, mdes in diameter. In many cases 
we also see that there are one or more hills, or elevations, of 
an apparently conical form, in the central parts of the interior 
plain. 

Ill order to become fully acquainted with any individual 
ring of mountains, repeated opportunities must lie utilized. 
The labour of the necesaarj' observations is, however, com- 
pensated by the unceasing variety of the beauty and general 
aspect of the iscene. We watch the snnlight as it gradually 
rises upon the ring, and throws the ever-changing shadows 
of its oastern jieaks across it. We follow it as it steals down 
the interior of the opposite or western side, tintil presently, rk 
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it shioes in its meridiaD Bpleodour vertically down upon the 
interior plain, almost every shadow disappears. Then the 
lengthening shades of the jagged western summits begin to 
creep up the eastern slopes. Soon the last lingering rays of 
light vanish fi-cim the scene, and we wait for another Innation 
in which to watch afresh. 

The most important points which may thns Iw observed 
in these formations, are their vast diameters, the great height 
and teriiiced character of the ring by which they are bounded, 
the frequent occurrence of a deep depression of the interior 
plain below the surrounding level, and of conical elevations 
in its midst. Moat of these characteristics, as well as many 
other interesting features and formations upon a stnaller scale, 
may be seen in the view of the lunar mountain Copernicus 
and its surroundings (see Plate VI.), which by Mr. Nasmyth's 
kind permission we present to our readers. It is reduced from 
that published in his and Mr. Carpenter's well-known and 
costly treatise upon the Moon, the original photograph having 
been token from a plaster model most carefully formed, the 
appearance and the shadows cast by the ditlerent parts of 
which, when it was ]ilaced in a strong light, exactly agreed 
with the \'iew of the corresponding portion of the Moon seen 
with a jtowerful telescope. 

In addition to the large ring-mountains, to which our 
description has, so far, chiefly referred, there are some which 
extend in a longitudinal direction, and conseipiently more 
nearly resemble the monntaiu chains with which we are 
familiar upon the Earth, Two of the largest of these are 
respectively named the Lunar Alps and Apennines. If the 
Moon, when about half-full, be looked at through a telescope, 
which, by the reversiug action of its lenses, will in our latitude 
make its northern parts appear to be the lowest, the Alps will 
be seen about ^th, and the Apennines about Jrd, of the way up 
its inner edge. The Apennines are the more extensive and 
remarkaiile of the two ranges, their length being about 430 
miles, and their loftiest peaks some I8,CHXI feet in height; 
while the highest of the Alps (called, after its sister peak upon 
the Earth, Mont Blanc) scarcely exceeds 12,000 feet. Many 
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other rangea of a similar character, bnt of less prominence and 
interest, may also be easily found. In the Iwautiful photograph 
by Mr. Rutherfiird, of New York, inserterl at the l>eginning of 
Lecture III,, and placed so as to correapoud with the reversed 
image shown by a telescope, the Alps may be noticed a little 
above, and to the left of, the large ring- mountain (named 
Plato) which is seen close to the edge of the Moon's termina- 
tor (i.e., the boundary of its enlightened portion), about Jth of 
the way up it. Tlie long range of the Apennines, sloping 
downwards to the left, is seen rather below the middle point of 
the same illuminated edge. Beneath them is a large circular 
mountain, Archimedes, to the left of wliich there are two 
smaller but similar formations, in the lower one of which 
(Aristillus) a central cone is very evident. Tj-cho, 54 miles in 
diameter, and nearly 3 miles deep (a mountain to which we 
shall presently make special reference), is not quite Jth of the 
whole way down the same edge, its ridges on the left-hand 
casting a deep shadow, which reaches nearly to the base of its 
central cone. The shadow of the cone may also lie distinctly 
seen in the photograi>h. We may be allowed to state that we 
have the greatest piisaible pleasure in exhibiting this enlarged 
copy of Mr. Rutherfurd's negative.' It will bear the closest 
examination, and may well be inspected by means of a magni- 
fying glass. It is purely a photograph, an image untouched 
by human hand, or by the engraver's art. Every feature ie 
depicted "by the Moon itself, and we are confident in our 
opinion that no more perfect result has as yet been obtained 
in lunar photography. 

In some parts of the Moon large and comparatively level 
regions are met with, of a darkish hue, and in many cases 
somewhat depressed below the general level. Several of these 
(e.ff., the Sea of Serenity, the Sea of Vapours, the Sea of 
Storms) are still called by names which were long ago given 
to them under the supposition that they were |H>rtionB of 
water, or that they bore a certain resemblauce to the seaa of 
the Earth. Tliis idea, is now disconutenauced, although it 

• Wc owe ihe privUi-ge of mi rioing lo Meann. Ke|{aii Pnnl, Trench, 
if C't>., H'bo hive moot kiniil; pmvided tbo copies. 
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cannot be denied that some of them may very possibly be the 
beds of defiinct oceanB, by which, ia ages long past, they may 
have been covered. 

In addition to the large ring-mountains of which we were 
recently speaking, there are many circular formations, of 
which some beautifnl examples, are to be seen ia the plate 
which contains the view of Copernicns, so small as to be 
more justly called craters; while to others, smaller still, the 
name of craterlets, or crater-pits, has been given. In cer- 
tain regions these minnte craterlets, varying from less than 
a mile to five or six miles in diameter, are exceedingly 
numerouB. 

It is very interesting, even with a small telescope, to com- 
pare the Moon with a good outline lunar map ; * to identify 
the various monntains by name ; to note those which are 
distinguished by central cones, or by other jjeculiarities ; to 
observe the long pointed shadows of the summits of the Apen- 
nines; or to search for occasional instances of isolated peaks 
of a more or less conical shape. One of the most remarkable 
of the»e is named Pico. It ie about 7,000, or, perhaps, 8,000 
feet high, and may be found near to the Innar Alps. 

There are other peculiarities of the lunar surface, more 
difficult to detect thaji those which we have hitherto men- 
tioned; the most important being termed clefts, or rills.t Some 
of these present an appearance very similar to that which 
would be afforrled by the bed of an extinct torrent or river, 
and may possibly resemble the cations of North-West 
America. Others are so straight and regular that they might 
almost make us imagine that they must liave been artiticially 
constructed, were it not that many reasons discountenance 
such a supposition, They are traceable for great distances, and 

* Such mapH may be found in Webb's " Celestial Objects," and, upon a 
larger HCale, iu " The Mood," by Mr. NetHon ; the moat ekhonit« of &11 
beiag that of Dr. Juliux Schmidt, 6 Paris feet in diamuter, pnbUshed in 
1878, at the expense of the PruHsian GoTemmeot. 

t This word, adopted from the German "ri/i#n," is not intended in 
any wia« to imply the existence of water, as would be the case with the 
« ottud meaning of the English word. 
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frequently continue their course with an apparent disregard 
of all changes of level. Their origin may perhaps be more 
plausibly attributed to the cracking of a shrinking surface, 
than to any other known cause. About 1,000 of them have 
been observed, some being as much as 200 or 300 miles in 
length. 

When the Moon is full, or nearly so, and its aspect is 
in many other respects comparatively uninteresting, several 
systems of long rays, or light streaks, are seen to originate 
in certain districts, or mountain formations. Some of them 
are 600 or 700 miles long, and one appears to extend 
to a distance of at least 2,000 miles, which is considerably 
more than Jth of the Moon's equatoreal circumference. The 
most noticeable are those which radiate from the mountain 
Tycho ; the position of which we have pointed out in our 
description of Mr. Rutherfurd's photograph. There are, how- 
ever, others which are very remarkable. They seem to be of 
such a nature that, when the sunlight is shining fully upon 
them, they reflect more of it than the surrounding soil or rock, 
and consequently appear exceptionally bright. They pass on- 
wards, like many of the clefts, or rills, up hill and down valley, 
over crater, ridge, and mountain ; evidently showing that their 
origin has, in some cases, been subsequent to that of tiie 
other formations which they thus traverse. 

The hypothesis has been suggested that they arise from the 
filling up, by the exudation of volcanic matter from depths 
below, of cracks radiating from the site of some vast explosion. 
When, however, we remember the very great distances to which 
they extend, it is hard to imagine how any catastrophe 
sufficiently terrible to have produced them can have occurred. 
Nor do we see other effects remaining which such a supposition 
would lead us to expect. No really satisfactory theory of their 
origin has yet been put forward. We can only say that the way in 
wliich they radiate from various centres is strongly suggestive 
of an explosive cause. 

One of the most puzzling problems of the lunar surface is to 
explain the origin of such vast c?Vce//ar, or approximately circular, 
forDmtiona as we have previously described. Nothing at all 



comparable to tliem is fonud upou thu Earth, although there is 
a considerable resemblance between certain regions (each ae the 
oeighboiirhooJ of Veauvins), iu wLicli we know that volcanic 
agency has been aJ. work, and some of the smaller gronps 
of craters upon the Moon. This has well been shown in a 
diagram by Messrs. Nasmyth and Carpenter, in which the 
district surrounding Vesnvius is coDtrasted with a similar por- 
tion of the Moon. We append from Admiral Smyth's Speculum 
flartsvelUamim (now Bomewhat rare) a copy of a drawing of 




the great crater of Teneriffe, — " eight miles in diameter, with 
its parasitic cones and peak, the latter 12, ID'S feet high," — 
which is undoubtedly a volcanic formation. It may certainly 
Iwar interesting comparison with many of the lunar mountains, 
or craters. 

We have upon the whole strong reasons for believing that 
the lonar formations are in like manner most probably of 
volcanic origin. Nevertheless, so great is the diameter of 
many of the larger circles of mountains, that it is hard to 
conceive that they can have been produced Viy central 
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eraptions. And yet the existence of central confiS in many of 
tbem, and even in aome of the lar(;est, favours this hypothesis. 
It IB well, therefore, to remember, that the attraction of the 
force of gravity upon the surface of the Moon is not quite 
Jth of its value upon the Eartli, anil that an eruption of matter 
from a central cone, with such a velocity and at such an 
angle that it would descend upon a level plain on the Earth 
at a distance of five miles, would, if similarly projected on the 
Moon, be carried mther more than 30 miles before it would 
fall. It is therefore a not altogether unreasonable supposi- 
tion that such a centre of eruption may have deposited matter 
in a ring of 80 to 70 miles, or even more, in diameter. But it 
may nevertheless be urged in reply to this argument that it is 
by no means likely that such violent eruptive forces woidd be 
generated in the comparatively small mass of the Moon as in 
the much larger mass of the Earth, and that the diameter of 
the largest crater upon the Earth, which is, we believe, in the 
Sandwich Islands, does not exceed 10 miles.' 

Other theories have consequently been elaborated as to the 
origin of these huge ring-shaped lunar formations. It has, for 
instance, been imagined that they may have been produced by 
the exudation of molten matter at different times during the 
cooling and solidifying of the Moou's crust, a process which 
would involve frequent changes of interual level and pressure, 
and vast subsideiiceB and derangements of the surface. 

On the other hand, if we maintain the previously mentioned 
theory, viz., that the circular ridge has originated in the 
discharge of matter from a central cone, we need not be 
anrprised if such cuiies nevertheless seem in many cases to 
be wanting ; for a subsequent eruptiou of less eut^rgy might 
discharge matter suDicieut to fill up the surrounding circle to 
the level of the cone, or nearly so, which would cause it to Iw 
no longer visible. 

We cannot, however, afford further space to the discussion of 

these theories. We will sum up our remarks by saying that 

there is cverj' reason to believe, from the ]ire8ent appearance 

of the Moon, that in ages long past it has been the scene of 

* See Mint Bird's ncconnt of her receot tour in tbeae iiUndi. 
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tremendous volcanic action. Such action appears to have been 
in itself much more violent than any which the Earth has 
experienced, while the effects produced upon the Moon by 
any given explosion would be much greater than ui)oa the 
Earth, owing to the smaller attraction of the force of gravity 
by which they would be restrained. It is certainly the case that 
such disturbances seem to have been extraordinarily frequent 
upon the luuar surface. There is also much evidence of a 
auccessioit of eruptions, for in many places craters, or ring- 
mountains, are seen overlapping and interfering with one 
another in a way which proves that the origin of some must 
have been anterior to that of those by which they have been 
disturbed. 

If this be 80, the question natumlly suggests itself; — Is there 
any eridence of the existence at the present time of volcanic 
energj- still in action upon the Moon ? Our answer is: — There 
is eitlier none, or, if there be any, it is very slight. We have no 
incontestable observation of any such occurrence. Certain spots 
ui>on the Moon, which appeared unusually brilliant to Schrtiter, 
Mfidler, and others, may have lost some of their brilliancy. 
But if is most probable that they are spots which have a 
peculiar power of reflecting the Sun's light, or (wheu they 
have been noticed iu the dark part of the Moon) the faint light 
which the Earth reflects to it, and which, near to the time of 
New Moon, causes the appearance which is popularly known 
aa the New Moon in the Old Moon's arms. This is much 
more likely than that they are volcanoes in active eruption. 
The abMcnce, or almost entire absence, of any appreciable 
amount of atmosphere or water upon the Moon (to the proofs 
of which we shall presently allude) also makes it very difficult 
to conceive that volcanic action can continue. 

In connection with this question, we ought, however, to 
mention that some fifteen years since a considerable amount 
of discussion took place us to a change which was supposed 
to have occurred in a crater named Linn^.* There seemed to 

* This crater is situated in the locality of a bright spot in Mr. Rutber- 
furd'e photograph, which may be seen id the midst of a darker region 
a little way to the left of the lower port of the ApHimiDet, and sli^fhtl; 
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Ite some ^ruuude for believing that- it had become much 
smaller and less easy to dietinguiah than it was in earlier 
observatiouB. But it offers eiich different appearaucee uuder 
varying circuiii stances of illumination, that the evidence is not 
conclusive. The same statement might perhaps be made with 
regard tn a more recently announced iliscovery, viz., that a 
new small crater has ajipeai-ed near to a well-known one 
named Hyginus.* Some valuable observations and drawings 
of it, recently made by Mr. Neison and Mr. Green, have how- 
ever given additional probability to the supposition that it is 
really a new formation. 

In any case we must allow, that landslips and a gradual 
deterioration and crumbling of the lunar rocks must almost 
andoubtedty still continue as a result of the intense alternation 
of heat and cold which the Moon undergoes in the successive 
halves of each month ; and it is possible that processes of this 
description, and of unusual magnitude, may have very much 
alteretl the appearance of Linn^. We have good reason to 
hope that the careful attention now given to the Moon by 
many painstaking observers, combined with the great telescopic 
power at their disposal, and the accuracy of Un' lunar maps 
recently published, may before long enable us to speak much 
more positively as to the reality of such changes. But at 
present we can only say that the balance of evidence is 
decidedly against, rather than in favour of, the existence of 
active volcanic action ujiou the Moon, and affords little proof 
of the progress even of such changes upon its surface as are 
otherwise antecedently probable. 

The Moon, in fact, gives to us the impression that it is 
a body which has long since jtassed through a condition 
similar, or somewhat similar, to that in which the Earth is 
at present. Since that time it has, we believe, gTown colder 

above a hoHiontal line piUKing by tha upper edge of ths circle of 
ArcbiDiedes (the position of which we hkve pcuuted out in oar previoua 
desuription of the photograph), and rtt it distance from its oeiitre equxl 
to rather less than five times its diaineUir. 

• This may also be detectei] in the photograph by those who know 
wJiere to look for it. 
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and colder. The water wliich in ages pti&i doubtless existed 
npon it (or at any rate nearly all of it) has long siuce vanished, 
having perliaps been absorbed into the rocks which form the 
lunar crust. In like manner the atmosphere, formerly belong- 
ing to it, which, owiug to the Moon's comparatively small mass, 
was probably of moderate amount, has disappeared, or so nearly 
disappeared as hardly to leave any certain traces of its existence. 
Among the proofs which may be given for this last state- 
ment, the following may be mentioned. We every now and 
then see the Moon pasa between ua and some of tlie myriad 
stars that stud the tirmament. When this occurs, the dis- 
appearance of the star behind the lunar ilisc aud its re-appear- 
ance arc sharp and sudden, indicating that there is no 
appreciable eflfect produced by any lunar atmosphere. Again, 
we meet with no definite evidence of its existence when we 
watch the progress of a solar eclipse." If, as some think, we 
are occasionally able to detect signs of twilight upon the 
Moou, they are so exceedingly slight as to indicate that any 
atmosphere upon it cannot possibly possess a density greater 
than the 3(K>th part, or it might perhaps be said the 500th 
part, of the density of that npon the Earth's surface. 

The contrast between sunlight and shade upon onr satellite 
must consequently be intense. The blackness and sharpness 
of the mountain shadows may well form one of the most 
remarkable features in a t(;le3C0pic view of the Moon, If^ 
however, we could transport ourselves thither, we may lie 
sore that the reality would surpass the utmost bounds of our 
imagination ; one ste]) would take us from the deepest black- 
ness of night into the fullest blaze of the unclouded Sun. 
There would be no diffused atmospheric radiance, no softening- 
down and toning-off of shade. In some positions an opposite 
mountain might reflect a little light to an observer standing 
in the midst of a dark shadow, but such cases would be 
exceptional. 
The sky would have none of that beautiful blueness which 

* Since tbe above wa'i in print, news bus however ruaohed uh, that 
•ome tracesof its preaeoce have been detecte<l with the spectroscope by the 
fagbserrers of tbe total Holar eclipse of 5Ia; ITtb, 1862, uv&ej^*!.. 
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the watery vapour or other constituents of our atmosphere 
produce. It would be of the darkest black even in full 
daylight. The glare of the Sun would be bounded by the 
exact limits of its disc, so that its coronal and other append- 
ages would be constantly visible. The stars, like minute but 
brilliant diamonds, in number far greater than we behold, 
would, by day and by night alike, shine without twinkling in 
the black vault of heaven. Interesting as all this might be, 
it would not upon the whole be very pleasant; and other 
consequences of the absence of a lunar atmosphere would be 
still worse. The heat of the Sun would be unbearable during 
the long lunar day of about 354 hours' duration, while the 
unmitigated cold of the succeeding night would be perhaps 
even more terrible. 

In fact. Lord Rossc has estimated that the change in the 
temperature of the Moon's surface during each month exceeds 
500° Fahrenheit ; and that under the vertical rays of the 
Sun it is probably considerably higher than that of boiling 
water. Those who have ascended to great altitudes, and have 
felt the intensity of the Sun's heat in a rarefied atmosphere, 
and then have been so unfortunate as to spend the night 
unsheltered on some rocky elevation in the midst of Alpine 
glaciers, may have possibly gained thereby some very faint 
idea of the alternation of heat and cold upon the Moon. 

The Earth, as seen from the Moon, would of course, month 
by month, go through phases complementary to those which 
the Moon exhibits to us. Full Earth would take place when 
we see New Moon, and vice verm ; and the sight would indeed 
be glorious. Moreover, as the Moon always turns very nearly 
the same face to the Earth, the latter would seem to a lunar 
observer to be nearly fixed in the heavens ; while the outlines 
of continents and oceans would give a pleasing variety to it> 
disc, whicli would appear nearly 3r! times as broad, and mon 
than l^i times as lar<^e in arcu, as that which the Moon show 
to us. We must not, liowever, pursue such hypothetical o\ 
servations any furtlier. It will ])e more profitable to tui 
to a few remaining points of interest (connected with th( 
which can be made from our own stan(l]>oint on the Ear 
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after wbich we shall disctus the Moon's iuflneDce and uae- 
fillaess in coanectioii with matters terrestrial. 

One important fact, which deserves special atteotion, is the 
great success which has been achieved in recent years in 
lanar photography. De la Rue, Rutherfnrd, Brothers. Draper, 
Ellery, and others, havi- obtained most perfect photographs 
of the Moon in all its various phases ; none however, in onr 
opinion, surpassing snch an one as that by Rutherfnrd, which 
is reprodnced in Plate V. Some, taken in different stages of 
the Moon's libration, and therefore affording pictures snch as 
woold be seen from different jtoints of view, give an interesting 
appearance of solidity, and raise all the different formations 
in pictnresque relief when viewed in a stereoscope.' It may, 
however, be mentioned, that, when so directed, they also produce 
an exaggerated^elongation in the direction of that axis of the 
Moon which is pointed towards the observer. 

It is to be Iiojied that lunar photography may be of con- 
siderable use, in enabling ns, as time goes on, to test the 
occurrence of any changes of snrface, which, as we have pre- 
vionsly suggested, may arise from large slips or falls of land. 
Numeroos photographs have also of late been most carefully 
measured by Professor Pritchard of Oxford, and by Dr. 
Hartwig of Straabnrg, in order to detennine the existence, or 
amount, of a slight physical libration or motion of the Moon, 
about an axis of its figure, which theory tells us must exist. 

The Moon, owing to the large amount of light received from 
it, and its nearness to the Earth, is, with the exception of the 
Sun, the easiest of all the heavenly bodies to photograph, and 
in some resiiects even more easy than the Sun, in consequence 
of the overiKiwering amount of light which the latter affords. 
At the same time great care, a very well regulated instrument, 
and very refined processes are necessary to ensure success. 
Those, therefore, whose success has been so great as to Iw 
almost perfect deserve all possible praise. 

* Tranflparencies from the Tery beautiful neptives of Mr. De U Ene 
thns Hmnged may, we believe, be obuioed from Jd«Ken. Beck aod Co., 
OpUciaiiH, Cornhill, who have more than once very kindly lent aome of 
tiwot for the illiutratioD of these leotnrea at Gresham College. 



We must not, liowever, forget the many im|>ortant respects 
in which the Moon is an oliject of interest to those who are 
not only unable to photograph her image, but who have 
not even a tele8coi>e to aid their view. Such observers may 
carefully watch the very considerable changes in the apparent 
size of her disc, by which, as explained in our previous lecture, 
it is increased from time to time by as much as one-third 
part of its least value ; — times of which Othello saye : — 
"It is the very error of the Mood : 
She comeB more nearer earth than she van wont." 
Tliey may also notice that at such times the tides are cor- 
respondiugly intensified, and that, if spring tides also occur 
when the iSIoon's distance is unnsually small, and certain 
conditions of wind and weather act conjointly, the inundations 
of the Thames and of other tidal rivers may prove to be very 
serious. 

It is also interesting for the unscientific observer to note 
how conveniently the Moon's path in the heavens is arranged, 
so that we enjoy a far greater amount of moonlight in winter 
than in summer. We do not mean, that, the nights being 
longer in winter, we notice the Moon's light more, in the absence 
of that of the Sun ; bat that the Moon is in mid-winter above 
the horizon for a longer time on those nights during each month 
when its phase affords a greater amount of light, and for the 
longest time of all when it is full, or nearly so; while in mid- 
snmmer it is a shorter time above the horizon when full, or 
nearly so, than in any other part of the lunar month. 

In lact, the increase in the hours of moonlight thus ubtaiued 
in teinter bears a close relation to that of the hoars of sunlight 
in summer. This arises from the fact that the Moon's path, as 
seen amongst the stars, <Iitlers, month by month, very little 
from Uie great circle of the heavens calleil the ecliptic, which 
ie the Sun's apparent aunuat path. And the Moon, when full, 
being verj- nearly in a atnLight I iue with the Sun and the Earth, 
but upon the opposite side of the latter, it follows that a full 
Hoou will at midnight be always seen nearly in the same 
position in the sky as that in which the Hun was seen at noon 
sijc months pi-emou«ltf. Tlie path of the Fall Moon across the 
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sky (luring the niff/it will, in feet, be very nearly that of the 
Sim during the i/ai/, six mouthB before or after. Aad there- 
fore, as the inclination of the Earth's axis to the plane of the 
eclijitic canses the Sun's path (in such a latitude as our own) 
to be much longer, and its noontide elevation much greater in 
summer than in winter, so will the path of the Moon when it 
is in its full phase be in like manner longer and its elevation 
greater in winter than in summer. The duration of daylight 
in the latitude of Loudon varies from about 7J hours upon the 
shortest day, to about l(ij upon the longest. That of the 
light of the full Mood, owing to the deviation of the Moon's 
path from the ecliptic, may, we believe, amonut in midwinter 
to about IS hours and in midsummer be barely hours. It 
is certainly a very interesting fact that we thus receive most 
moonlight at the very season of the year when the long 
nights make it most useful. 

An eclipse of the Moon is another important phenomenon 
which is very easy of observation, and one which in some 
respects may be very well seen without any, or with very little, 
telescopic aid. At snch times the Moon first enters the 
peuombra, or outer portion of the Earth's shadow, from which 
the Snn's light is only partially excluded. Little notice, 
however, is taken of this ; but, after a while, the dark umbra, 
into which (except by the refraction of the Sun's rays by the 
Earth's atmosphere) no solar light can penetrate, gradually 
encroaches upon the disc. 

At the distance of the Moon's orbit, the diameter of the umbra 
is about three times that of the Moon, whose speed of motion 
roand the Earth is (as we have mentioned in Lecture IIL) 
such as to take it over a space equal to its own diameter 
in about one hoar. It will therefore, if it pass centrally 
through the umbra, first of all occupy about one hour in 
becoming wholly immersed in the shadow. It will then 
remain for nearly two hours totally eclipsed before its opposite 
edge begins to emerge. Towards the end of the fourth hour 
it will again be entirely clear. 

As an eclipse progresses, it is generally noticed that the 
edge of the shadow is hazy and more or less tinged with red. 
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And wheu the Moon is totally inimersed a consideniMe nmount 
of such reddisli light may often be Btill detected, so that its 
whole disc may remain faintly visible. On other occasions, 
bat more rarely, the totality is nearly absolute, aud the Moon 
is for the time almost invisible, Tliis variable result depends 
upon the amount and nature of the clonds and vapoars over- 
lying the bounding circumference of that hemisphere of the 
Earth upon whioh the Sun is shining, which produce important 
etfectB npou the amount and tlje tint of the solar rays which 
are refracted into its shadow. 

Lunar eclipses are, however, sometimes only partial ; at 
other times, although total, of comparatively brief duration ; 
more frequently still, the Moon is full without Boffering 
any eclipse. In fact, as we shall presently show, it never 
traverses the umbra of the Earth's shadow more than three 
times in a year, while the cKMiasions are comparatively rare 
upon which its passage is so nearly central that the duration 
of an eclipse approaches its maximum possible value.* 

It is sometimes said that the Moon's place, when full, is 
opposite to that of the Sun as seen from the Earth, But this 
cannot in general be strictly true, inasmuch as it would 
involve the occurrence of an eclipse at the time of every 
Fnll Moon, and would require the plane of the Moon's 
orbit to be exactly coincident with the plane of the ecliptic, 
in which the Earth moves round the Sun. These planes are 
actually inclined to one another at an angle of about 5 degrees. 
Tlie Moon, when full, will therefore only be exactly in the 
I)rolongatiou of the straight line joining the centres of the 
Earth aud of the Sun, if it happens at the same moment to 
be also passing through one of the two points in which the 
plane of its orbit intersects that nf the ecliptic. Otherwise it 
will be at a perpendicular distance above or below the straight 
line in question, which will vary between certain small limits. 
defined by the above-mentioned inclinatiou. 

* The Mnon may itt tiuitis pks» through the peDumliru of the Earth's 
■hndow, whi-n it csoipes the umbra. Such pcnunibral eclipws are 
ocowouslty intereeting. although their occurrence in not noticed in 
tb« AJmaaaea. 
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The two points of which we have been speaking, in which 

ii8 mouthly orliit intcrsi-cts the plane of the ecliptic, lie upon 
11 stmij^ht iiiu' vciv n]i|iriixiiuati;]y passiug through the centre 




«rlfxlK of the yt 

The most import4mt qneatiou involved in determining the 
frequcncj' of lunar eclipses consequently ia : — How often will 
this latter line alsn pass through the centre of the Sun? It 
I'an only do bo at iiiter^Tilw of about nix months, aa may be 




seen in Fig. XX., in which the Earth, as it travels round the 
San, is supposed to carry the luuar orbit with it, the line of 
Nodes remaining parallel to itself, and only passing through 
the Snn in the two opposite positions M|N,, and «>.. lu tbft~ 




diagram the portion of the Moon's orbit which is dotted is 
snpposed to be slightly below the plane of the Earth's path 
(or the ecliptic), and the other portion slightly above it. 

If, then, npon one of the days n[H>D which such a passage 
occars, the Moon is full, as in the positions N, and m^ in the aboTe 
figure, a total eclipse of the longest possible duration will be 
seen, the Moon passing through the verc centre of the Earth's 
shadow, as in Fig. XXI. 

It is also found that if the Moon on such a day is within aboat 
eleven days before or after being Full, au eclipse of some kind, 
either partial or total, but of shorter duration, will take plaep 
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PiH. XXil.— SbDwing 

at the next following, or next preceding, Foil Moon, when the 
Moon will still pass within so small a distance, above or below 
the straight line joining the centres of the Earth and of the 
Sun, that it will in some degree traverse the umbra of the 
Earth's shadow. At all other times the Full Moon will, in 
consequence of the tilt, or inclination, of its orbit to the plane 
of the ecliptic, in which the Eartli circles round the Sun, pass 
^H altogether above or below the Earth's umbra, and escape 
^^B eclipse, and it will pass clear of the shadow by the greatest 
^^H possible distance when it occnpies such positions as m, and m^ 
^^^ in Fig. XX., which correspond to places of the Earth just 
^^M half-way between those which coincide with the occurrence 
^^B of the longest possible eclipses. We have endeavoured to 
^^^ iilastrate aacb an escape from eclipse in Fig. XXII. 



According to the above statement, it therefore appears 
that there may be one lunar ecIipBe, or there may be none; 
near to the time of each passage of the line of Nodes throagh 
the Sun, according to the number of days by which snch an 
occurrence is separated from the date of a Full Moon ; aud that 
if a lunar tHslipse occur it will be witbiu about eleven days of 
the Nodal passage. 

The conclusion would consequently seem to follow that there 
may be two lunar eclipses, or none, iu any given year. But 
owing to certain causes of a somewhat complicated nature 
connected with the lunar orbit, which involve a slow turning- 
round of the line of Nodes, it is found that the above-named 
interval of six months is reduced to 173 days. From this 
it results that there may be as many as three lunar eclipses 
in the course of a year, one at the very beginning of the year, 
one in the middle of it, and one just before it« close. 

Although we have done our best, by means of some diagrams 
different from those generally drawn, to render this explana- 
tion as lucid as possible, it ia difficult so to do, owing to the 
perspective necessarily involved. A suitable model (such as 
may be seen at Gresham CollegeJ may, however, be easily 
constructed, and will be found much more efficient and of great 
assistance both to teachers and students. 

We must only refer very briefly to the Moon's connection with 
solar eclipses, especially as the beautiful phenomena then wit- 
nessed have been already described in Lecture II. (see Plate IV.), 
in connection with the Sun's coronal aud other surroundings. 
The most important dtflference between a solar and a lunar 
eclipse is that the latter is visible from a whole hemisphere of 
the Earth at once, i.e., from every part of the Earth upon 
which the Moon would otherwise be shining ; while a solar 
eclipse is only seen from a small portion of the Earth at any 
given time. The shadow of the Moon, by which a solar 
eclipse is caused, is, in fact, never much more than long enough 
to reach the Earth. Sometimes, when the Moon ia at ita 
farthest from the Earth, and the Suu at its nearest, it even 
falls short of doing so. In such cases the shadow comes to a 
poiat be&we it meets the Earth, and tlie Moon appears to be 
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rather smaller than the Sun. A riug of light thei-eforc 
remaina visible, even to observers whu are exactly in the 
direction of the straight line joining tlie centres nf the Earth, 
the Moon, and the Rmi ; aud the eclipse is termed annular. 

At no time can the maximum breadth of the Moon's 
ehadow, where it falls upon the Earth, exceed ITli miles, 
nor »-ilI it often approach very near to this i-alue. Whatever 
the width of the shadow may be, it rapidly sweeps across a 
zone of the Earth of correajionding breadth, with a relative 
speed, which (when the rotation of the Earth is taken into 
consideration) may only amount to about "ii miles per 
minute. While it is passing over any place a total eclipse 
of the Sun, the most impressive of all celestial phenomena, 
continues. The above figures (by dividing 1 73 by 2(») would 
allow the greatest duration to be fully 8i minut«s, but more 
accurate calculations give 7 miuutes 58 seconds as the extreme 
limit, under the most favourable conjunction of circumstflnces. 
As an instance of one of long duration we may mention the 
very notable eclipse of August 17th, 1868, in which the totality 
lasted in the Gulf of Siam for nearly 7 minutes. 

Uijon either side of the zone of totality a wider zone existSf 
in which a partial eclipse is seen, of greater or less magnitude, 
Recording to the distance of the observer from the central zone. 
But the phenomena thus produced are of comparatively little 
interest or importance. 

Solar eclipses occur upon the whole with greater frequency 
than those of the Moon. But the width of the zone of the 
Earth, in which the totality of any one can be seen, being, 
as we have explained, very narrow, a total solar eclipse is 
exceetlingly rare In nny given locnlif;/. The last visible in 
England was in 1724, in London in 1715. With the exceptioa 
of a possible totality of a very few seconds, which may occtir 
over a line drawn from tlie Isle of Anglesey across Northnm- 
l>erland on June 2t>th, 1927, and which, in auy case, must be 
80 slight as hardly to deserve the name, none will, we believe, 
be seen in these islands nntil August 1 1th, IdDO, when a short 
totality will occur in the south-western comities. None will 
/'robebljr be visible in London for more than 50U years from 



the present, tlute." It will therefore doubtless be thought well 
to despatch both goverDinental and private expeditious to 
observe auy eclipses of considerable duration which may be 
visible in other reasonably accessible localities during this 
period, aud to secure every possible observation of the corona, 
or other solar appendages, which the obscuration of the photo- 
sphere by the iuterposition of the Moon may render it possible 
U) make during the few brief minutes of totality. 

The greater frequency of the occurrence of a solar than of 
a lunar eclipse, visible from some part or other of the Earth, 
independently of the question of its visibility in any given 
locality, arises bb follows : — It is found that in order to permit 
the phenomenon to take place, the Moon need not be so near 
to one of the nodes of its orbit in the former as in the latter 
case ; in which it may be remembered that we stated it to be 
necessary that the 3Ioon should be full within eleven days on 
either side of the date of a passage of the line of Nodes through 
the Sua, which gave a limiting period of twenty-two days,- 
or less than a mouth. But for a solar eclipse the limiting 
period during which the Moon may be new somewhat exceeds 
thirty days. Consequently the Moon may be sufficiently near 
to one of the positions in question on the oocurreuce of (too 
guecessive New Moons to cause a solar eclipse to be seen upon 
some part of the Earth ; that is to say, it will then pass at 
a saGBcieutly small distance above or below the line joining 
the centres of the Earth and of the Sun, to allow the extremity 
of its shadow to ivach the Earth. 

And as the limit of each period in which it may do this 
exceeds a month, so that it may, as we have just said, embrace 
two snecessive New Moons, it must include one New Moon. 
There must consequently be one solar eclipse, aud there inay be 
tKO, at each such epoch. But, as we have previously explained, 
the inten'al between the above periods is only 173 days, or 
about nine days less than six months. The snm of two such 
intervals therefore falls short of a year by about nineteen days. 
If then a New Moon occurs within three or four days of the 
beginning of a year, aud causes a solar eclipse to take place, the 
' 8ee " EdipsoB, Paat and Future," by Rev. S. J. Johnson. 
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^^P thirteenth New Moon of that year, just before its close, may also 
^V occnr sufficiently near to a passage of the line of Xodes through 
' the Sun to produce an additional eclipse for the year in 

qnestion. It resnlta that in any given year there 7«ay be five, ' 
^^ and there must be two, New Mooua, which will produce total 
^^^ solar eclipses. If there be five, they may be the first and 
^H second, the seventh and eighth, and the thirteenth ; or the 
^H first, the sixth and seventh, and the twelfth and thirteenth. | 
^^H One curious fact, little noticed in its connection with eclipses ' 
^^B in ordinary text-books, is, we think, deserving of special att«n- , 
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not far short of the length of the Earth's radios ; such 
a passage through the zenith of a place of observation being 
possible (owing to the inclination of the Moon's orbit to the 
ecliptic) in localities sitaated within about 284 degrees of 
latitude on either aide of the Earth's equator. 

Letcin the above figure — in which, for the sake of simplicity, 
we may suppose the place of observation to be upon the equator 
of the Earth, so that the diagram may be all in one plane — be 
the centre of the Earth. Let h and z be the positions of the 
Moon on rising and when seen in the zenith ; p the observer's 
position. Then rz equals CH, and ph does not fall much 
short of the same value. Consequently pz is less than ph by 
a distance which is nearly equal to cp, the radius of the Earth. 
K the Moon were as near to p when in the horizon as when in 
the zenith, it would be at h instead of at h, vk being taken 
equal to pz. The diagram is drawn upon an exaggerated 
scale, the real value of cp (and approximately of hA) being 
about 4,000 miles, wliich is about j^Vth part of cz (or ph), the 
mean length of which is nearly 239,000 miles. 

Under such circumstances the Moon will have an apparent 
diameter, when in the zenith, which will be abont ^'lyth part 
wider than when it is in the horizon. And if at such a time 
a total holar eclipse occur, the totality will be prolonged, since 
the great distance of the Sun precludes any corresponding 
effect upon its apparent size. 

The greatest excess of the Moon's apparent diameter when 
seen in the horizon over the Sun's is about Vith part of either. 
In that case totality would last while that excess was travelling 
between the observer and the Suu. By suitable calculations 
it is found that it might continue for rather more than six 
minutes. But if the Moon be overhead, and its apparent 
diameter be increased by irnth part, its excess over the Sun's 
diameter is made about Jth greater than before (,^th being 
one-fonrth of iV^h), and the totality may consequently last Jth 
longer than before, and approach a duration of eight minutes 
instead of being limited to six. 

In such a phenomenon so considerable a prolongation may 
be of the utmost importance. And it is worthy of special 
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notice that the nausiml duration of thu eclipst' of Augnst 
17th, 1868, ID the neighbourhoiKl of tlie Gulf of Siam (in 
which locality, as we have previoualy stated, it lasted for nearly 
seven minnt^s), was to a very appreciable extent thus produced, 
owing to the Mixin and Sun being nearly in the zenith, or, 
popularly speaking, overhead, at the time of its occnrrence. 

Our space forbids that we should refer, otherwise than very 
briefly, to the benefits which the Earth derives from the 
influenee of the Moon upon its waters. For the same reason 
we must refrain from discassing the somewhat complicated 
dyoamic&l investigations involved in a proper explanation 
of the origin of the Tides.* But we may very jKisitively aiSrni 
tltat if the tidal disturbance of our seas and rivers were to 
cease ; if they were to become stagnant, except so far as ocean 
currents and rainfall might affect them ; most disastrous con- 
sequences both to health and commerce would ensue. 

We cau hardly over-estimati' the vast benefit which the 
anceasiug power of the tides confers, in sweeping away 
deleterious matter, in raising vessels into locks and harbours, 
in bringing merchandize up onr great rivers, and in many 
other ways. It may also be that, some day, much of the 
immense energy jjrovided by them, which is still unused, 
will be applied to drive machinery, or to compress air, or to 
generate electricity, which being economically carried to dis- 
tant points of application, may be utilized to an extent at 
present little imagined. 

Were it only for the beneficial influence of the tides, we 
might well be verj' thauitful that the Earth possesses so 
iuflnential a satellite. And this feeluig is increased, when we 
bear in uiiud, that the knowledge of the Greenwich time at 
which the Moon is seen at a certain apparent distance from 

♦ For « moat lucid aod iiitoreating description of Mr. G. H. Donrin'o 
theory of tidal evolution, nffordiog reasons for believing that millionii 
of yean ago tide* of much greater dimennionB than those of the preaent 
time may have «wept across the Earth ; as well as for an explanation of 
the connection between the Moon's distance, the tides, and the gradual 
lengthening of the Earth's day, we refer our readers to Dr. Ball's learned 
and eloquent lecture recently poblished by MeHsn. Macmillan and Co., 
and entitled " A Olimpae through the Corridors of Time." 
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some suitably selected star, recorded in tables, sufficeB, by 
comparison with the local time at which it is seen to be at the 
same distance from the star, to enable the mariner, who, far 
ont of sight of land, is cleaving his way across the pathless 
deep, to determine his longitude with an accuracy which is of 
mach importance, notwithstanding that modern chronometers 
have been so greatly improved that, imlepeodently of Innar 
observations, they afford a still closer approximation to its 
true value. 

A due appreciation of the Moon should therefore in no 
wise be wanting in a coantry whose maritime and manu- 
facturing interests are so important as those of England, or 
amongst the merchant princes of the city of London. It was, 
we think, very consistent with the distingaished position 
which SiK Thomas Gresham held in our great metroijolie, 
that in the foundation which he appointed by his will he 
directed that the Reader in Astronomy should pay special 
attention to the nautical branch of the science. Since his day, 
however, the confines of astronomical study have immensely 
widened, and nautical astronomy has been so miich reduced 
to a series of routine calculations, by means of formulre and 
tables, that it is hardly possible, in a lecture such as the 
present, duly to explain what is more fitted for a class of 
students in navigation. Still it must not be forgotten that if 
any improvement is to l>e effected in the accuracy of our 
knowledge of the Moon's position, or in the methods by which 
that knowledge may be practically utilized, it must be by a 
dne encouragement of suitable observations, and of the pro- 
gress of astronomical science in general. 

There was formerly a small observatory erected by the 
Gresham Committee (having the star 7 Draconis nearly in its 
zenith) in old Gremham College, which in its day was very 
nsei\il, and in which Dr. Hooke appears, without knowing the 
meaning of his discovery, to have effected the first detection of 
the aberration of light. We now rejoice in the existence, not 
only of the great national observatory at Greenwich, and of 
those connected with the universities of Oxford and 
bridge, bat of several of comparatively small size, founded 
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by private munificence, the work accomplished in which is of ft 
high order in skill and accui-acy. Nor can we help feeling 
some slight sentiment of pride that so much has hitherto been 
accomplished by Englishmen in the cause of astronomical 
progiess. But we fear that England is now being somewhat 
left behind in the race. Although some splendid examples of 
individual enterprise have recently been seen, iu the mighty 
Ealing telescope, or iu the iustruments and expeditions of the 
noble owner of Duu Eeht observatorj', in which a devotion to 
science shines forth which worthily rivals that of the late and 
of the present Lord Itosse, — we find that the Austrian, the 
French, the Australian, and the American Groveruments cau 
aflbrd to purchase instruments far surpassing in size those in 
any English national institution ; while the recent munificent 
foundation of the Lick Observatory in California, under the 
will of a late wealthy citizen of that name in San Francisco, is 
a precedent so worthy of imitation, that we would fain hope it 
may ere long be followed by some in our own country who 
have money to spare and the desire to spend il wcU. 

As to the connection of the Moon with the Calendar, it is 
worthy of mention that even if the date of Eaater depended 
(which it does not) upon the true date of the occurrence of a 
Full Moon upon, or after, the 21st of March, the festival might 
fall five weeks earlier, or later, in different parts of the United 
Kingdom, if local time were taken into account. And in this 
way, — that, in one town, the Full Moon might occur a few 
minutes btfore midnight on March 2Uth by locaJ time ; in 
another, a few minutes after that same midnight, or, in other 
words, verj' early on March 2l8t. The result would be. if the 
former date were a Friday, to alfect the date of Easter for 
the places in question ti^ the extent we have indicated ; so 
that for the latter Easter Sunday would be five weekm 
earlier than for tiie former." A similar result would be still 



* Thi> nilo at prexeiit is, that Eueter Day U the Sunduy next after the 
eccttiiiulkal Full Moon which happens on, ur next after, March 2l8t, 
If, therefore, the date of the supposed full phase be 11.56 p.m., on Friday, 
March '26th. for viy giveu place, the next fuUowing Full Moon would be 
on Sunday, April IHth, and Eatter Day would be on April 26th. Bat if. 
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more likely to occar iu dift'ercat countriuH, wliose clock timeB 
would vary according to the longitudeH of thi>ir ua[iitalti, or of 
their principal observatories. The only way to secure the name 
date would be to agree to fix it accoriling to the occurrence of 
Fall Moon before, or after, the midnight of a given meridian. 

But apart from this, it is alflo to be obuerved that the tnu* 
place of tlie Moon is not used at all, but a hyjiothetical Moon 
is substituted, whose supposed position at any tiuie may ilifl'er 
by a day or two from that of the real Moon, and ehangt; an 
early into a late Easter, or vice terad. The movenientit of this 
imaginary' moon are regulated in connection with certain 
ordinances of Pope Hilarius, of the date A.n. 4fl3,* and are 
arranged in relation to what is termed the Metonlc cycle, and 
to the present regulation of the calendar by the periodical 
introduction and omission of leap years, ao as, by a very com- 
plicated system of Golden Numbers, Sunday Letters, EpactH, 
etc, to keep it from wandering too far away from the place 
of the real Moon, and in a long course of time to maintaio 
a sort of average agreement with it. 

But it would surely be much better, and more convenient 
to all, and especially to those whose holidays, or whose religiooa 
and other duties are connected with the date of Ea«ter, if it 
coold for the future be associated with the >Iouu only an a 
matter of tradition and history, and, together with the rrther 
fectirala dependent upon it, be made a Jired t 'ia»Ut»d of a 
MPCC&ie feast. The occarrence of Ea«ter Day upon April 
25th, in 1886, (he latest possible date, may periia^m awaken 

6y total limr, kt kDothtf place Hnne ■'■■'«"j— to tli« «ut at the toratm, 
the fun jAMm •hoold occur 10 minuU* btcr, or tt f^ fi^ A.M. on lk« 
juaraing at Hwdi 21st ud that day tbtnlU be s Satmdaj. ""**- Objt 
would bft «fi K>rcli 22diL or thirtr-five d>ji Kwoer. Local tiaa^. IwvcTtr. 

not btcag tkui lued. Eauttt IHj. uoonliiig to pn—il ■■■■■gi iti. 

atmr &lla « April ^Gtli. aJtboagh it wmj be •■ late h Afril 2&tb. 

* 8m Sir E. Beckfctt'i ■- JUtrooomj wiUwiU HatheHutka.' p. UT n uy, 
Alao Ue Motgu in the " CoupasMM to tbe *1— — > " tat lAi6. 

t That M of oMBae with Uic bimtmtiim, ttoHimg to the Skmb rab 
wid tbe geaenl praciiee of Cbrirtewdw. Ih«l Eaalcr I>>; be litmrnii 
apoo m Sonda}-. We mean that it mi^t be the neanrt Hoadar to. ut (if 
ItifcoBld be ao (vefcmd) the Soodaj neai befcwe, or after, a earlaoi fixed 
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the pnbUc mind to give more attentioa to this saggestion, 
which we thos Tentore once more to press apon their notice, 
althoDgh it has certaiclj heea already put forward sufficiently 
often. 

Ab regards other inflaences attribnted to the Moon, we may 
remark that we do not believe that any proof has yet been 
given that it roles the weather, or that it has any importaqt 
power over health or disease. Moon-blindness, aud other 
similar effects, are in general cansed by the cold produced by 
radiation during exposure, not to the Moon's rays, bnt to a 
clear and nnclonded noctnrnal sky. Any apparent synchronism 
of the Moon's movements with the periodicity of the paroxysms 
of lottocy, or of other diseases, is probably, in most cases, either 
fbrtaitoos, or is the result in the nervous system of a belief in 
such an effect, the belief causing its own apparent confirma- 
tion. There may, however, also be some cases in which the 
comparative absence of darkness during the nights near to the 
time of Foil Moon may help to increase sleeplessness, and 
consequently aggravate the symptoms of mental disorder. 

But as regards the weather, it really seems absurd to speak 
of any connection between its changes and those of the 
Moon's phase. For the weather (at any rate in England) is 
almost always changing ; and the Moon's phase does not 
change by jumps, four Umen in a month, from new to half- 
full, from half-full to full, and so on, but is also always and 
oostinoously changing. 

Those who believe that the phases of New, Full, and Half 
Moon in general affect the weather, may also be so good as to 
notice that such phases recur at intervals of about every seven 
days. If therefore (as we believe we have seen stated) the 
change of weather be considerfd to follow, or precede, any of 
these siiecial phases within two days, tht; probability is ic 
favour of HUch apparent coincidences boing ven- frequent, evei 
if they really have uothing to do with tlie ^Iihui. Or to p« 
it somewhat differently, it is vert' likely iudeeil, that, on one i 
a certain group of four days out of every sLveti, rhere will 1 
tiome decided change in English weather. 
It may also be asked, in the case of wcasioiial periods 
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continued fine weather in our own lami, aud of still longer 
pericHla of such weather in other couutricH, during which the 
Moon passes through a whole series of phases, why is no 
cliange produced, if the Moon's changes have any real eflFect? 

It must not, however, be forgotten that the Moon, when near 
to being full, reflects an appreciable amount of solar heat, as we 
have already mentioned that the careful experiments of Lord 
Hoase have proved ; and it certainly seems likely that this 
heat, especially before it hft& traversed the lower regions of the 
Earth's atmosphere, may have a tendency to disperse and dry 
up terrestrial clouds. This supposition has been confirmed by 
the result of long-continued observations, which indicate that 
near to the time of Full Moon the nights are less cloudy than 
at other times. If so, as the result of the more unimpeded 
radiation of the Earth's heat, they will also be decidedly 
colder. Such is the only effect upon the weather which we con- 
sider has at present been shown, with any probability, to be 
connected with the Moon. Other effects, some of them perhaps 
depeuding upon atmospheric tides, corresponding to the lunar 
and solar tides of our waters, may exist, but are as yet nn- 
proved. It is possible that the delicate indications afforded by 
the large scale of the glycerine barometer (a comparatively 
recent invention), if carefully recorded for a sufficient length 
of time, may afford some information in this direction. 

Here we must regretfully leave the Moon, with the hope that 
our readers may have been so far interested by the remarks 
which our space has permitted, that they may be encouraged 
to pursue the subject by the study of some of the various 
iible treatises in which tJiey will find it more fully discussed. 
It is one of which we think none should ever be weary, one 
CO which each fair hour, when 

■■ Tte Moou 
Riding in clouded majesty, at length, 
Apparent queen. imveiU her peerless tight, 
And o'er the dark her Nilver mantle throws," 

ahonld tempt us to recur with unflagging energy and unabated 
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" When thej come lo incMicl hoav'n. 
Aud calculate the stars, how they will nield 
The mi)i;hty frame ; how build, unbuild, contrive, 
To KBTe ap[icamTice» ; how gird the sphere. 
With centric niid exccjitric. scribbl'il o'er, 
Cjcle anl epicjcle, orl> iu orb." 

UiLTOK, P. L., Tiii., 78. 

We have given the first place in our diecossion of the Solar 
ByBtem to the Sun, its all-important centre. We have 
described the intensity of its heat, the hogenesB of its aize, 
the enonnooB attractive power by which it mleH the orbits of 
planet and satellite, of comet and meteorite, aa they run their 
conrsee ronnd it. We have awarded the aecond place to the 
Mood, owing to the special interest that belongs to ita close 
proximity to the Earth, and the many details that we are able 
to observe upon it. The varioni) planeta next claim oar atten- 
tion. We shall find, however^ that even those which approach 
the Earth most closely are so far distant that very few details 
can be detected tipon them comparable with those which we 
see upon the Moon ; while others arc so remote that our 
acquaintance with thera ia in every reBiK-ct most limited. Not 
even the largest of tliem can emnlute the Sun, either in size or 
heat, or in the wondrous plieuouiuna of phutosphere and spot, 
corona and rcise-coloured i>romincnce. And yet they are each 
and nil most interesting. 

We can well imagine how the astrouomiT of ages long [wist, 
as he gazed at them from beneath tlie pure skies of the Chal- 
dwan plaiua, and ever ami anuu saw Sleniiry jrlitt^'ring like a 
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tinted diamond in the eastern or western twilight ; or watched 
Venus wax and wane in brightneBs, until, at times, it was 
visible, day after day, even at thll noon ; as he noted the blood- 
red fire of Mars; the calm, but potent, radiance of Jnpiter; or 
the dnll pale light of Saturn, — thought that each held rule 
over its own house, or sphere in the heavens ; that each exerted 
its own inflnence for bane or blessing on men's lives, on monarch 
and prince, on peoples and kiugdoms. 

We shall presently discuss the various planets in their order 
of distance from the Sun, and give a brief statement of some 
of the most important discoveries made with regard to them, 
both before and since the invention of the telescope. We will, 
however, by way of introduction, first refer to a few points of 
interest cODuect^d with the nature of the planetary orbits in 
general, and explain the ditference between the Copernican 
system of astronomy and that which prevailed before the 
beginaing of the sixteenth century. 

We may assume that our readers believe with Copernicua 
that the Earth and all the other planets revolve around the 
Sun J a theory the simplicity of which, when rightly under- 
stood, is so beantiful, and in such striking contrast with the 
complexity of any other, as almost of itself to convince an 
unprejudiced mind of its truth. In order, however, rightly 
to understand its beauty, a considerable amount of care and 
stud)' are necessary, and the student must understand how 
complicated the apparent movements of the planets are, before 
he can duly appreciate the way in which they are explained 
by the extremely simple real movements, attributed to them 
by the Copernican theorj-. 

If we could wat<;h them all- from the Sun, or from some 
distant point of sight look down upon the planes of their orbits, 
and take, as it were, a bird's-eye new of the whole Solar 
System, it would be comparatively easy to discover the laws 
that rule their ever-changing places. But, instead of this, their 
movements appear to us to be most remarkably complicated, 
because we are forced to view them from the ever-moving 
standpoint of the Earth, as it speeils upon its rapid path througit 
space ; from which it results, as we shall presently more full^ 
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explain, that they sometimes appear to be travelling amongst 
the stars from east to west ; at other times they seem to 
still ; then once more they change their conrse, and apparently 
move from west to east. Their apparent movements are 
occasionally very slow, at other times mnch more rapid. 
We are in no wise surpriat'd that they long ago received the 



longet I 
stand I 




nn. XXIV.- P«t erf Horary rttatlrdy 



title of Planets,' or wanderers in the heavens ; they cer- 
tainly niigut well have been termed ven' erratic travellers 
indeed. So pecniiar are the paths which they appear to 
traverse when watched by an observer opon the Earth, that wo 
think it jnay be well, before we proceed any further in our 
diacQSsion, to ask the attention of our readers to some diagrams, 



* From the Greek jrXoKJinjt, 
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iu whicb they are iUastrated. In Fig. XXIV., for instance, 
we have a copy, upon a reduced scale, wf a diagram of the 
api)arent paHi of Mercury, relatively to (or, in other words, aa 
seen from) the Earth, hptween the years 1708 and 1715, which 
was prescnU'd to the French Acailemy of Sciences by J. D. 
Cassiui, on August 7th, 1709 ; the dotted line, about half-way^ 
between the greatest and least distances of the planet, hein^ 
intended to represent the apparent annual path of the Sun. It 
is of course to be understood that by the apparent path of any 
planet we refer to its movements relatwel^ to the fixed stars, 
amongst which it appears to journey, as the result of its onward 
progress in its orbit, quite apart from, and in addition to, the 
apparent ilaili/ motion which it has around the Earth from east 
to west, in common with the Snu, the Moon, and ail the stars, 
as the result of the Earth's rotation upon its axis from west 
to east. 

In Fig. XXV., which is a copy of a portion of another by 
Cassini, and which, so far as it extends, is drawn to the same 
size as the original, we see a similar representation of the 
apparent paths of the two great planets, Jupiter and Saturn. 
The Earth, which, in order to save sjtace, is not represented in the 
diagram, must be supposed to be sitnated some way beneath it, 
so tliat it would be in the centre of the series of loops, in the 
complete figure, which Jupiter would appear to describe aronnd 
it in about 12 yi'itrs, and Saturn in about 2'.)J years. So far as 
we have copied C'aasini"s drawing, the apparent path of Jupiter 
is shown for about three years, beginning with the middle of 
the year 1716 ; and that of Saturn for about four years, from 
the middle of the year 1 "OS; the monthly places of the planets 
heiug indicated by small dots. 

Whether, then, we observe a planet whose orbit lies between 
the Earth and (he 8un, such as Mercury (technically called an 
inferior planet), or one such as Jupiter or Saturn, w' 
is outside that of the Earth (technically call' 
planet), it is found, as these diagrams show, t' 
the planet ajijiearg to pursue u leugtbeni 
it pauses, iu order, as it were, to d' 
period upon its previous path ; i 
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another brief paose, it once more goes forward with increased 
speed, as tliongU to make np for its lost time. It is well to 
remember that its backwani motion is generally termed its 
retro^reagion, its forward morio-i Ua progression, and the 
pan*"* between the two, its at'tlions. or stationary'p^'its. It is, 




moreover, important to observe, that the diagrams also indicate 
that the reversed motion occurs when the planet is particularly 
near to the Earth. 

]q addition to the reduced view of the complete drawing of 
Cassini of the apparent jiath of Merrury during certain years, 
W6 wiJ] also give in onr next three figures, portions (similarly 
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rediiced in scale) oT his d'agrams of the ajiparent paths of 
Mercnry, Veniia, and Mars, as they are seen fitmi the Earth, 
inasmuch as we ihiuk thai, tltc comrtlicstioQ of the whole of 
snch a ilrawing as that in t'ig. XXIV., makes it ditficalt to 
realize, so well aa in a simpler figure, the actual character of 
the apparent curve described. We have also adapted the 
paths shown to mor.' reci'ut dates, 

In Fig. XXVI. the ap]iarent path of Mercnry as seen from the 
Earth in drawn for a period of about one year; amt a somewhat 




carefal conaideratioQ nf the diagram may show that an interval 
of ahont 116 days occurs hetween the beginning or the ending 
of two snccessive epochs of the planet's retrogression, or between 
its being twice in the position of its nearest approach to the 
Earth. 

In Fig. XXVII, the apparent path of Venus is represented for 
about two years, its monthly places being marked by small 
dota. This diagram also indicates that the interval between 
two successive nearest a])proacheg to the Earth is very nearly 
1 ( years (or about 084 days); one such approach taking place 
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as the dote show, about the lieginning of May 1881, and 
next early in December 1882, 

Fig. XXVIII. in like manner shows the apparent path 
Mars, in 1877, 1878, and 1879; the average interval between 
its nearest approaches to the Earth, or (verj- nearly) between 
its being twice seen in snccession in opposition to the Si 
being about 780 days. 

We may remark in passing that the interval between 
near approaches of Jn[>itiT, or Sntiim, to the Enrth. differs 
little from a yenr, !is may In- s-'cii liy u rufiTcniv tn 
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it being for the former 309, and for the latter 378 days; while 
for Uranus or Neptune tlie excess over ^(1-3 days is still lees. 

Now it cannot be denied that these apparent paths are 
80 complicated in their forma and periods of description, tliat 
the aneient astronomers and geometricians may have oft«n 
lieen almost tempted to give them up in despair as inexplic- 
able. And yet there is one additional peculiarity which they 
must have especially felt tliey were bound to^explain ;— 
which is involved in all the above diagrams, althongh : 
ijilicity's sake we have only distinctly inaiceted it 
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Fig. XXV., in which the apparent annual path of the Sun is 
also shown. We mean that Mercury and Venus are alwayft 
observed iu close apparent proximity to the Suu, while all the 
other ]>ianet3 may be seen at any distance from it, and even ia. 
the very opposite part of the Zodiac, or belt of the heavens in 
which their paths lie, to that in which the Sun is found at any 
given time. 

Let us therefoi-e consider a little more particularly the varions 
observations of the planets which it was possible to make- 
before the invention of Ihe t(-le--cope, so tliat we may tlie better 




iinderfitanil what the nucieuts knew, and appreciate the skill 
with which the theory of the movements of the Solar System, 
which was invented and elaborated by Hipparchus, Ptolemy, 
and their successora, waw contrived to explain what seemed to 
be so complicated. 

To begin with the planet Mercnrv-, it must be remembered 
that it was never very easy to see it, even when it was most 
favourably situated, owing to the strong glare of the morning 
or evening twilight. The first important step towards the 
det<?rmi nation of the tme nature of its orbit was the discovery 
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that the two bodies, which, as the reanlt of the earliest observa^ 
tioDB, were believed to exist, uid periodically to appear apon 
oppoflite BideH of the Snn, never showed themaelves tc^ther, 
aBdimeiaaiii^.tfM iMtt ww^BBn. Alibis eaiucr snppuwuDtt 
we m^ tribute the traditions which have come down to 
OS of the donble appellations Bet and Horns amongBt the 
Egyptians, BoohineTa and Bondha amongst the Hindoos, 
Hennet and Apollo amongst the G^reeks, which are said to 
have been nsed for Mercnry ; the name of Apollo (as the Qod 
of the Day) having been probably given to it when seen as 
a morning star before the same name was in later - times 
appropriated to the San. So, in like manner, Yann, as a 
monnqg- star, was called iua^opw, it., the briii|ar of the 
dawn, at ^ma^dpK, the brisger of light (in Latin ^'Lootfer*') ; 
and lirFa|pst(in I«tiD '•HespemsV), as an evening ytar.* 

It was, hoirarer, much more easy in the case « VsoBs, tiuut 
in Hiat of Hsrcniy, to leoogniie the oscillation fiom aw side of 
the San to the other, becanse it was possible to watoh Ae planet 
thfoagjk so mnoh longer a proportion of its psth. InJacd, we 
cannot bat flunk that, if the ancients had.not ben JtHpiwred 
yty an intense belief in the immobility of the Eaith, as the 
centre oboat which the Son and all the other heikTonlj bodies 
revolved (a doctrine, the denial' of which, even in tiie tim&of 
Galilcfi^t VM tbooght to be the part of a heretii^. owing to a 
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*Wltm t 'Ew0^^fMt «bt| ^imt ipim» «rl fwo. 
*0v rt fim qwaArmrXot iiwXp Aa aidivnu ^> 
{"Whan the D«ira-briiiger uriTea, procl&inuDg light o'et ths Earth, 
after whom tiie lafioa-Tcated mom u diffused o'er the Bea.'') 
And"llj«d,"xxii.318:— 

'BirmjMt Gf niXXuiTOf <V lApiar^ lorarai aor^p. 
(" Hetpenu, which is placed the brightest star in heaven.") 
Compare also Milton, "Paradise Lost." Book V. : — 

" Fairest of stars, iHut in the train of night. 

If better thou belong not to the dawn." 

t In his recantation, when seventy years of age, Galileo waa forced to 

■ay that he abjiirttl, cnrmd, un<l iklftnl, Iht ub'iirdiUj, err.ir, nnrf htngg nf 

the motion nf tlu £nr/A. 
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miBint^rpretatioD of such tests as are qooted below),' they 
must have discovered, first in the case of Venns, and after- 
wards ia that of Mercury, that these two planets were revolving 
round the Snn in orbits such as we now know that they 
possess ; whatever they might have thought about Mars, 
Jiipiter, and Saturn. But while they held to the above belief, 
it was necessary, in order to account for the apparent planetary 
movements, to invent a riirioiHlv I'nriiiilioiitfd aysteni, which 







is generally known as the Ptolemaic System of Cycles and 
Epicycles. This we proceed to explain. 

So far as it applied to such planets as we now know to have 
orbits within that of tlie Earth, its chief features are shown in 
Fig. XXIX.; in which t is supposed to be the Earth, while 
the' circle passing through a is the appan-nt orbit of the 8nn 
aronnd it. Between that orbit and the Earth, Mercury wa« 



• Psalm civ. 5, P. E 
thnt it never should ir 
the toond world so ani 



Vernion ; '■ He laid ihe foundition* of the Earth 
>ve at any time." Psalm iciii. 2 : " He hath made 
' that it cannot \i.' moved.'' 
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supposed to move in the folJowing manner. First nf all it was 
arranged that a point, Pi (termed a deferent, or carrier), should 
be conceived to travel unilbrmly round e in a circle, or cycle, 
once in every atiuj days. This large circle was called a 
deferent ^oycle. While this point, Pi, thus moved, it was 
imagined that Mercurj' was in some way whirled round it, 
once in every 116 days, in an epicycle, or superimposed and 
much smaller circle, which was carried aloug by p,. 

A similar arrangement, at a greater distance from the Earth> 
was BSflumed for the planet Venus, as is shown in the dia- 
gram. It was also supposed that the centres of the two 
epicycles of Mercury and Venus (viz., p, and pj) moved so as 
always to lie in a straight line joining the Eartli and the Sun. 

It is not liard to see that, if suitable velocities \>v assigned 
to Venus and Mercnrj- in their epicycles, such an arrangement 
would account for the principal peculiarities in their move- 
ments which we have hitherto described. They would evi- 
dently appear to oscillate within certain limits on either side 
of the Sun, which limits, as observation easily proved to be the 
case, would be greater for Venus than for Mercnrj", becaase of 
the larger epicycle belonging to the former. They wonld also 
alternately be brought nearer to the Earth, aud removed farther 
from it. And, sujiposing that the velocity of either of them in 
its epicycle, when nearest to the Earth, was snlSciently great, 
it is evident that the ]>lanet might, iu spite of the onward 
motion of the centre of its epicycle, appear to move for a 
time in the reverse direction, as the arrows iu the diagram 
indicate. In this way their periodical retrogressions might be 
explained. 

Any requisite variations of speed iu describing the epicycle, 
as well us certain other irregularities of movement, were ac- 
coQDted for by placing additional epicycles upon those already 
mentioned ; that is to say, instead of the planet Mercury 
moving in the epicycle shown in the diagram, another point 
was supposed to do so, which carried with it another smaller 
circle, or additional epicycle, in which the planet might move 
around it. In this way several epicycles were suivesaively 
saperimposed, as they were required. It was also found neoes- 
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nary by some of the astronomera of old to imagine that the 
Earth was uot actually in the centre of the principal or deferent 
cycles, bat Homewhat eccentrically situated. 

We need not, however, enter more minutely into these 
refinements of that ancient Ptolemaic system which has long 
heen altogether extinct. Nevertheless we must allow that it 
displayed remarkable fikill and ingenuity, and that it afforded 
a geometrical explanation of most of the peculiarities of the 
movements to which it was applied. At the aanie time, it was 
certainly altogether inconsistent with any true theory of the 
attraction of matter opon matter; an inconsistency which we 
believe the astronomers of those days would not have failed to 
[jerceive, if only they ha<l been acquainted with the great law 
"f gravity. As it weis, they did not realize that the imaginary 
movement of points, such as those which were supposed to 
travel in the larger cycles, apart from the existence of attrac- 
tive matter in them, was really an imjiossibility. 

Tlic Ptolemaic system would also donbtless have been given 
up long before it was, and probably before it had been so 
greatly elaborated by the heaping of epicycle upon epicycle, 
if its votaries had possessed any telescopic aid to their vision; 
for it would, in that case, have been possible for them to have 
measured the discs of Mercury and Venus from time to time, 
aud it would have been found that no such arrangement as we 
have described could accurately correspond to their apparent 
changes in size, and their cousequent changes in diHlance from 
the Earth; although, as far as rongh observations with the 
naked eye were concerned, the agreement appeared to be satis- 
factory. It is also evident from our diagram that Venus and 
Mercury, according to the Ptolemaic system, wuuld turn the 
unilluminated sides of their discs towards the Earth, when at 
their furthest from it, as well as when at their nearest to it; 
whereas a telescope at once shows that, in the former case, the 
discs are fully illuminated; which single fact is, in itself, suffi- 
cient to prove that they have passed to the opjiosite side of the 
Sun, although the true nature of their orbits is still more 
clearly demonstrated by telescopic observations of the whole 
course of their intermediate phases. 
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We do not forget that in tlie aucient system of Ihe Egjp- 
tiana, notwithstanding that the Sun and the other planets 
were supposed to circle round tbe Earth, an exception was 
made in the case of Mercury and Veuus, to which a special 
rotation round the Sun as a centre waa aaaiu^ed. We have 
also read that AriBtarclms of Sitmos, and Cleanthes of Assos, 
about 270 b.c., were (as it was then doubtless considered) so im- 
pious as to suggest that the Sun, rather than the Earth, was the 
centrt- of the celi'i-tial nn>vem<.'uts. Hut these opinions gained 




little or no crudJl, and were no douht looked ujKm as wild 
vagaries. The system of cycles and epicycles was therefore 
extended so as to embrace Mars, Jnpiter, and Satnrn. Its 
application to those planets is illustrated in onr next diagraju, 
Fig. XXX. 

In order to represent their apparent motions it waa found 
necessary to suppose that the centres of the epicycles re8i)eo- 
tively described their cycles in rather less than 2 years for 
MaiVf ID nther less than 12 for Jnpiter, in rather less thaa 
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283 for SatBrn; while in etu^h case the epicycle was described 
hy the planet in one year, nod in HUch a tnauDer that the radiuw 
from its centre to the planet, viz., pu, or pj, or PS, would point, 
directly tormrefs the Earth, whetie\er the planet was seen in a 
direction exactly opposite to that of the Snn (or, as it is termed, 
in Opiiosition ), and directly/ram the Earth, whenever the planet 
was seeu in the same direction as the Sun (or, as it is termed, 
in Conjunction). 

It also followed, as a geometrical consequence of the above- 
mentioued conditions (the movements being supposed ouiform), 
that the radtns of each epicj'cle must at all times be parallel 
to a line joining the Earth and the Sun, as is shown in 
Fig, XXX. ; but we are not quite certain how far this last 
fact was clearly understood ; nor are we sure that the exact 
yearly period of Mars in its epicycle was fiilly realized. For, ' 
if all this had been duly appreciated, we should suppose that 
a simple application of such geometrical principles as the 
mathematicians of those days were perfectly acquainted with, 
would have led them to argue as follows : — The movement 
of each planet in its epicycle being the same, such movement 
is probably only (ijipfireid, and caused by a real movement of 
the Earth, according to the law, that, if an obsen'cr be situated 
upon a moving body, the apparent motion produced in any- 
thing which he looks at, will be just the same as if he were 
brought to rest, and a velocity, the reverse of his own, were 
communicated to the other body. 

We have slated that each of the exterior planets was neces- 
sarily supposed to describe its epicycle in one year; nevertheless, 
it should be noticeil that Jnpiter and Saturn would wcupy 
somewhat longer than a year in describing complete loops 
of their respective apparent orbits (such as we showed in 
Fig. XXV.) ; because the onward march of the centre of the 
epicycle would prevent the radius joining it to the planet, from 
pointing again to the Earth at the end of one epicyclic revola- 
tion. Before it could do so the radius would need to turn 
roimd through an additional angle equal to that which the 
centre had in the meantime described round tbe Earth. This 
JUVS be easily seen iu the subjoined view of oue of the locsi^ 
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entire loop of the apparent orbit be comiiletud. The additioaal 
time involved, proves, in the case of Jupiter, to be 33 days, 

and iu the very similar case of Saturn, 13 days, 

We have tliua far rofrained from any upecial reference to 
the cage of Mara, because it happens that the circumstancea 
involved, and the figure neeessary to explain theui, are much 
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more eomplicated. We will now, however, pnt before our 
readers a drawing, which may perhaps suffice to show, that, if 
Mars be supposed to revolve once round its epicycle in a year, 
while the centre of the epicycle rotates round tlie Earth in 
fiHT days, the planet must perform more than two complete 
revolatioDS in the epicycle, and occupy more than two yeara in 



n 



114 i'TULEMY versus fOl'ERNlOUB. 

descriliing oue complete loop of its apparent orbit ; or in 
journeying between two successive positions in wliicli the radios 
of the epicycle passing through it will also point exactly 
towards the Earth. 

In the above figure, p,, p„ p„ p,. p, represent successive 
positions of the centre of the epicycle half a year apart. lu 
each case the epicycle is shown drawn ronnd its centre, m,, 
Mj, M„ M„ Ms, are the corresponding positions of Mars. Now, 
if the position of Pj he supj>osed to correspond with such a date as 
September 5th, 1S77," the line P|M, must point exactly towards 
the Earth, as Mars was then in opposition to the San. If 
p, be the place of the point p half a year afterwards, p,m^ 
will point in an e-\actly parallel, but opposite, direction, Mars 
having gone half-way round the epicycle. Similarly PiMj, 
and P4M4, will, at the end of successive half-years, be parallel 
to the same direction. This will also be the case with p»m», 
at the end of two years, in wliich time p will have gone about 
IjVtli times round its cycle. By November 12th, 1879,» p will 
have reached the position Pj, the line p^Mg pointing once more 
exactly towards the Earth, and Mars being again in opposi- 
tion, after having occupied 798 days (or rather more than the 
average interval of 780 days) in describing one complete loop 
of its apparent orbit. By talking intervening positions of P 
and of Mars, it is easy, even for those who are unaccustomed 
to mathematical diagrams, to see that a looped curve, indicated 
by dots in the figure, and exactly correap<>nding iu form to that 
of Cassini iu Fig. XXVIII. (although reversed iu position), will 
pass through the various places of the planet, and repreaeut 
its apparent orbit as seen from the Earth. 

We have taken some trouble to explain the way in which 
this curve may be drawn, because it is imjiyrtaut to observe, 

* Btrictly speakiiig, owiug to the elliptic form of tbe orbit of Mus, 
and nJao (although in a much less degree) to that of the orbit of the 
Earth, the actual ucaicst approach of the two planets does not take plaoa 
exactlj when Man is Been in opposition to the Sun. n» it would if the 
orbite were circular, tn 18TT it occurred three daja, and iu 18TS} as much 
na eight dayn, before the oppobition. But tbe difference of dtitoDca 
inrolTed i« so iilight, thut we have thought it better nut to attempt to 
indicate it in the curve in our diagnuu. 



t COPERNlLrirs. 




115 



that the comparatively slow rate at whirh the Earth gains 
upon the planet Mare while it describes its i-eal orhit aronnd 
the Sun, causes the latter to be thus long in performing one 
complete loop of its apparent path, and makes the investiga- 
tion of that path so much more complicated than in the case 
of the wore distant exterior planets, Jupiter and Saturn, not- 
withfitandiug that the principle upon which the paths are 
drawn ia in all the three cases exactly the same. We also 
wish onr readers especially to notice that it is this complication 
in the case of Mars which has led ua to doubt (as we have 
already stated) whether the sages of old properly grasped the 
feet that the revolution of these three planets in their epicycles, 
which the Ptolemaic system required, was, in erery case, of a 
year's duration ; or that the radius joining them to the epi- 
cycle's centre must all Ike year through be parallel to a line 
joining the Earth to the apparent place of the San, although 
we feel do doubt that they perceived that it must point directly 
to or from the Earth at those special times when the planet 
alternately appeared to be in conjunction with, or in opjjosition 
to, that great source of light from whose juat claims they 
derogated, by unfortunately refusing to allow it to be the 
centre of every planet's motion.* 

For Mars, and Jupiter, and Saturn, other subsidiary and 
smaller epicycles were supposed to be superimposed upon the 
larger ones, as in the case of Veuns and Mercury ; and by a 
fiirther refinement upon the system as originally invented, the 
Earth was also considered to be somewhat excentrically situ- 
ated in the midst of the whole. But into these points we will 
not enter ; nor need we discuss at any length the way in which 
the alternations of the apparent brightness of the planets were, 
in some degree, supjiosed to be causet! by their being carried 
round in connection with crystal spheres, which were believed 

• For furlher information on this subject we refer our reattera to 
Newcomb's " Popular Astronomy," in which it is very folly and excellently 
explained. Those who do not possess this somewhat eipensire work 
may see it in the valuable library at the Corporation of liondon, which, 
we rejoice to know, i» open freely to the public until 'J p.m. throughout 
nearly the whole of the year ; and for which we l)elieve that copies of 
every important work on Antrononiy iiro invariubly \)ro^Wp<\. 
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to be (^ conBiderable thiclcDeM, sod io which, in some rather 
imacconiitable way, each planet was made to travel, aometimes 
nearer to the oater aurface and eometimeB nearer to the inner 
anrfftce of its correaponding sphere. 

It may, however, be intereating to remark, as regards this 
laat sopposition, thac one of the most extraordinary ideas of 
tlie ancient astronomers and one which proves how deeply 
£zed was their belief in the immobility ^^ ^^ Earth was, tlutt, 
in plaoe of attribnting the apparent daily motion of the Son, 
Hoon, Planets, and Stars, to the rotation of the Earth npoD its 
axis in a contrary direction, they believed this part of their 
movements to be caused by their connection with a series of 
crystal spheres (or rather, spherical sarfacen), situated at soc- 
oessive distances from the earth, which turned ronnd once in a 
day. These were supposed to be made of some crystalline 
snbatance, in order that it might be posaible to see through 
them jnst as if they did not exist This notion, as to the 
material of which they were made, may well be compared with 
the reason which was at che same time asaigned for the 
inaodihility of the celestial harmony caused by the beaatifiil 
■ocord of their imaginary movements ; viz., that all mankind 
had been so continnoosly accustomed to it &om their birth 
as to take no notice of it 

In, or upon, their corresponding spheres, and controlled by 
their cycles and epicycles, a certain liberty of movement was 
allowed to the Son, Moon, and Planets ; while the fixed atars 
were supposed to be so &stened to their own appropriate sphere 
beyond that of the planete, that they kept their relative 
places unchanged. Outside all wa^ located what was termed 
the Primum Mobile, or a sort of general grinding-machiDe^ 
whose province was to keep the whole series in perpetual 
rotation. We, who now know so much better, can under- 
stand that it could only have beuii from the want of any true 
idea even of the planetary digtaiu-us, much less of those of 
the atars, that the belief in the possibility of tlieir deacribing 
day by day, round the Earth, the huge orbits which those 
distances would involve could have existed so loug as it did. 

Such, then, were the main features of the old I'tuleniaic 
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sysUim, which, d&tiug (in its earliest form) at least from the 
Hecond century before Christ, was bo carefully elaborated, bo 
persistently maintained. By way of contrast to it, let QB 
describe the true theorj' of the .Solar System, first published 
by Copernicus, upon his dying bed, in his great work "i?ff 
Retolutionibus Orbium Calestium" A,D. 1543 ; and afterwards 
more fully elucidated by the investigations of Kepler, Newtoa, 
and others. 

Its first assertion is, that the apparent daily motion of the 
stars from east to west, to which we have already referred, as 
well as a corresponding i)art of the motion of all tlie other 
heavenly bodies, is to be explaioed by the rotation of the Earth 
upon its axis in the opposite directiou, viz., from west to east, 
once in every 23 hours 56 miuutes ; the deficit of about 4 
minutes, by which this period falla short of 24 hours, bein^ 
caused (as we shall presently explain in Lecture IX.) by the 
motion of the Eartli in its own orbit. 

Tlie Snu is taken as the controlling centre of the movements 
of all the planets. 

In order from it, — see Fig. XXXIII., in which the size of 
the various orbits is indicated as nearly as possible upon a 
correct scale,— there revolve 
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After a most laborious comparison of numerous positions 
of the planets, and more especially of those of Mars, it was 
discovered by Kepler, early in the 17tli centurj', that their 
orbits round the Snn are not circles, but slightly ovai ■aarflW)., 
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called Ellipses, two specimens of which, of different defrrefs of 
OTftJneBs, are shown in the following diagram, Pig, XXXIV 
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An Ellipse is the cwne described by a point r, which moves 
so that the sum of its distances from two other given points, 
M and H, remains con:)taDt. It may in practice be most easily 
drawn by fastening a thread, or string, at s and h ; the point 
f)l' a pencil which is earefnlly moved so as to keep the string 
stretched will then describe the cui-ve. 

s and H ai* called the Foci of the Ellipse, r half-way between 
them is its centre. The ovalness of the curve depends npon 
the proportion which the distance sh bears to the longest 
diameter ASHZ, which always eiinals in length the sum of the 
two lines sr and HP. This diameter is generally termed 
the Major Axis ; another at right angles to it throngh c being 
colled the Minor Axis. If w and H are brought together to c 




the cllipsi; tlicii lic.-umi's a circle. The oviduess is not vi^ry 
apparent to the eye, unless the Foci are considerably removed 
[Vom I.! towards a and /.. It is found, for instance, that 
unless sc be greater than Jth of ca, the semi-minor axis 
rB will not ditfer from the semi-major axis AC by more than 
,'ath part of the latter ; the approximate ride for obtaining the 
tUfference in any particular case b<'ing, to sipiare the number of 
times that i;a contains cs, multiply by two, and take the result 
as the denominator of a fraction with a numerator unity, which 
will indicate to what extent bc will fall short of ac. For 
■example, if cs equals i,'(,th of ca, then twice the square of 
tlO being 7200, b<; will only fall short of ac by a Tj'oT,lh 
liart. The above rule depends npon the properties of an eUipse 
which are proved in treatises upon Conii; Sectionn. 
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The diffeience of ac and bc in any orbit ia not, howereTf a 
T«zy important matter. On the contraiy, the difference of Uie 
greatest and least distances of & planet &om the Bnn, which 
may be represented respectively by ba and BZ, is (^ the atmoat 
importance. 

The only remarkable &ct connected with the ptnnt b is that 
B4 is found to be always equal to ca or cz ; u., to <Hie-half of 
the stun of sa, the greatest distance from b, and be, the least 
distance from b, in consequence of which bb is often called the 
ICean Distance. We may also observe, that, in soch a case as 
that which we previonsly supposed, in which bc eqnala itii of 
AO, the difference of the greatest and least distances flton b 
will be twice bc, or |ths of ca (or bb), the mean distance. It 
■ is intereatilig to notice that sodi a degree of ovalness as this 
loomspoads very nearly to that of tibe orbit of the planet 
Ibrcniy, and is mora tiian doable that of the<»bitof Hub; 
.Idiile it moqh exceeds that c^ the orlnta qf any other of the 
iptincipal planets. And yet, according to the role pnrioiuly 
;ltat«i, snoh an orbit would only vary ftom a cironlar fitrm, so 
tu»M to make the difference of its greatest and least distanoes 
'fiom its eaUret c, amount to about ^th part ot the kiger, 
which in the case of Mercury would be about 806^000 miles. 
The fitot of the Sun being situated at a pnnt oorreapouding 
to s and not to c, in the case of such a planetwy orbit (which 
was Kepler's first great discovery), has therefore a much more 
importuit effect in causing thedistiuiceof a planet from it to vary, 
than the actual deviation of the orbit from a drcnlar fonn * 
winld produce if the Sun were situated at its centre. 

When Sir Isaac Newton, near to the close of the seventeenth 

* It U fonnd, tlwt if we denote the ovslnefs of theotbit hy the ratio of 

CB to CA, t^., by 1th for that of Mereuiy :— 

it will only be about . . . . , J ,th for Yenua, 
„ „ about .... o'tth for tho Earth. 

„ ,. lathcr mrre than ,\th for Mant. 

„ „ about .... ,',th for Jupiter, 

„ ,. rather mere than ,'.th for Saturu. 

„ I, rather less than ,'gth for Uranuf, 

„ .. rather more than iii,th for NeptuuL' : 

tbe targtet ot which fractioan is lefx thiiu o:ie-half of that for Uc-rcury. 
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centarj-, sabseqaently discovered the great law of gravity, viz.^ 
that every jtarticle of matter iu the Quiverse attracts everj' 
other particle n-ith a force which is iirojiortional to the inverse 
square of their distance apart, he showed that two other laws 
of the planetary movemeuts, which Kepler also discovered, as 
well R9 the law to which we have just referred, were necessary 
results of gravitation. Let us, therefore, uow state all three 
of these important laws in as accurate and simple language as 
possible. 

Kepler's first law is : The planets rotate round the Svn in 
ellipses, each of which has the centre of the Sun as its focus. 

If we si)eak somewhat more accurately, we may say, that 
the common centre of gravity of the Son and auy jmrtieular 
planet is the focus about which (so far as those two bodies are 
concerned) they both describe au ellipse ; — the ]»Ianet a large 
ellipse, the Sun a small oue. It is, however, also true, that 
the orbit of any planet relatively to the Sun (aiiart from any 
perturbations caused by the attractiou of the other planets), is 
an ellipse as stated by Kepler, although the 8uu is always 
moving round about the common centre of gravity of itself and 
all the planets, from wliich tlie average distance of its centre i» 
about half-a-mitlion of miles. 

Kepler's second law is : — The velocity of each plauet is 
greatest when it is nearest to the Bun, and less when further 
away, and in exactly such a proportion as involves the follow- 
ing rule : — 

The area formed by the curved path oj any planet, in any 
given time, and the straiyht lines joining its places at the end 
and the beginning q/ thai time to the Sun, is always proportional 
to the time in question, or ul/cays the same, in the same length oJ 
time, for any given planet. 

This is illustrated by Fig. XXXA'., in which the areas 
KUL, SFE, ^xv, are suppueed to be described, each iu the same 
interval of timi-, around the Sun {»); and, consequently (by 
tlie above law), to be equal to oue another ; the actual por- 
tions of the curveil i«tli, viz., ml, ke, xy, describett by the 
planet, decreasing iu leugth as its velocity diminishes with ita 
increase of distance from ». '^ 
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Kepler's third law, wliich is ol' very great value, may bi» 
stated as follows : — 

If xe take the mean distance of any planet from the Sun, 
and the /mrior/ic time in wAicA it goes once round its orbit, the 
ratio of the si/uare of the time to tlie cube of the distance Kill 
ie found to be the same for all the planets. 

This may, jierhaps, be best illustrated by one or two aimple 
examples, although only approximately, and not so aa to ehow 
the beautiful preoiaion with which the law holds good. For 
iustance, the mean distance of the Earth is 2'<S times that of 
Mercury, and its period is 4-2 times. The square ni th<? latter 
uumber is 17'fi4, while the eulie of the former is 17'5Tti, l>oth 
of which, to Dlie [>ltnv nriii'fiiiiti.ls, m\w the eiinie result, I T'H. 




Aguiu, the period of Uranus Is close npou S4 years, and 
84 squared is equal to 7056. The distance of Uranus is very 
nearly 11M8 times the Earth's, which number cubed proihic«8 
7055'8, the result being therefore in almost exact agreement 
with the law. 

So, if a new planet were found, and its period were observed 
to be live times that of the Earth, we should Ite able, by 
squaring 5 (which gives 25), and taking the cube-hxit of 
this square, which will l>e rather less than 3, to say at once 
that its distance from the Sun must be rather less than three 
times the Earth's distance. 

In connection with thia mention of the planetarj- distances, 
we may as well allude in passing to the curious relation exist- 
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ing between them, firat aunounced by Titias, in a translation 
of Bonnet's " Contemplation de la Nature," pnbliehed at 
Leipzig, in 1766, which, being afterwanU bronght into more 
general notice by Bode, about a.d. 17T8, is consequently naoally 
termed Bode's Law. A series is formed by taking the nmnber 
4, and adding fo it in aucceasion 3, twice '-i, four times 3, eight 
times '-i, sixteen times 3, and so on ; so that we obtain the 
numbers : 

4,7, 10, 16,28,53, 100, 196. 
These nnmbers, if we pass over the fifth (which, however, 
corresponds to the gap between hilars and Jupiter, in which so 
many small planets have of late been discovered), are found to 
agree very approximately witli the ratios of the distances of 
Mercury, Venus, the Earth, Mars, Jupiter, Saturn, and Uranus, 
from the Sun. For if we multiply the terms of Bode's series 
respectively by 10, we obtain: 

40, 70, 100, 160, 280, 520, 1000, I960 ; 
whereas, if the Earth's distance be represented by 100, the 
actual distances of the various planets are respectively ; — 



The near agreement of these two sets of numbers is there- 
fore very remarkable. The rale, however, fails for the last- 
discovered major planet Neptune, the nest term of Bode's 
series being 3880, which differs greatly from the number 3005, 
which would represent the real value. 

The truth is that Bode's arrangement hardly deserves to he 
termed, as it frequently is, a law, no theory having yet been 

' suggested which gives a satisfactory reason for its existence, 
although occasional attempts have been made to connect it with 
the gradual formation of the planets in succession, according to 
Laplace's nebular hypothesis. It bears no comparison with 
the three laws of Kepler, which, although originally discovered 
without their cause being understood, have since been proved 
to be, in the very strictest and minutest possible degree, 
necessary consequences of the action of gravitation. Bode's 
80-called law must at present be looked upon as little more 

i tlisn an example of a curions coincidence. 
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Thus far^ then, we have shown that it is principally to Coper- 
nicus that we owe the credit of the promulgation of the all- 
important statement that the planets revolve in orbits Toond 
the Sun ; while we are indebted to Kepler and to Newton for 
our knowledge of the more accurate nature of those orbits 
involved in the laws we have just described.* 

But we have not yet seen how the Copemican theory accounts 
for those special phenomena of the apparent planetary move- 
mentSy which called forth the complicated cycles and epicycles 
of Hipparchus and Ptolemy, nor have we, as yet, contrasted 
the explanation a£forded by it, with that which so long held 
its ground amongst the philosophers of old. In other words, 
we have to show how so simple an arrangement as that theory 
' involves, of the movements of the planets with regard to the 
Sun, involves all those intricate orbits seen from the Earthy 
with the description and illustration of which we commenced 
this lecture. 

To begin with, let us take the case of Mercury or Yenus, 
whose apparent movements, as we have already seen, differ 
in certain important respects from those of the other planets. 
It is, we think, very easy to understand, that, if they move, 
according to the assertion of Copernicus, in orbits round the 
Sun as a centre, within the Earth's orbit, they must appear to 
oscillate from side to side of the Sun within a certain distance 
of it) which distance will be much less for the former than for 
the latter planet It also follows that the greatest apparent 
distance of either of them from the Sun, as seen from the 
Earth, will occur, when the relative positions occupied by them 
are such as are indicated in Fig. XXXVI. ; 2.^., when the 

* It should also be mentioned, that calcnlations depending npon the 
law of gravitation, if accurately made, show (as careful obsenrationa also 
prove to be the case) that each planet's orbit lies upon a plane, or level, 
of its own ; so that it moves just as a ball would, if, while floating in a 
vessel of water, it were made to travel round another larger one floating in 
the same vessel and representing the Sun. In the case of the Earth this 
plane is called the Ecliptic. The planes of the motion of the other 
planets are tilted at certain angles to it and to one another ; but this 
tilt is in every case slight, except in that of some of the small planets 
between Mars and Jupiter, whose orl)its are altogether so peculiar that 
tbey require separate consideration. 



PTOLEMY rtTme C'UPBBKICUS. 



125 



straight line joining the Earth to the jilaoet is a tangent to 
the path of the latter. 

Moreover, we think it is also evident, in the above diagram, 
that, if it were not for tlie tilt of the orbits to which we have 
recently referred, each iif these two planets of which we are 
speaking, would, at frequent intervals, pass exactly between 
the Earth and the Sun, when in such a position as is marked 
I.e. Bnt that tilt necessitates that there can only be two 
points in each of their orbits, in, or very near to which, they 
can he in a position to do so ; viz., the two points in which 
those orbits cnt the plane of the ecliptic in which the Earth 




Fig. XXXVI.- 

moves. In other words, it is only possible that either of them 
should be exactly in a straight line between the Earth and the 
Sun, at two particular times in each year, when the Earth, as it 
would be seen from the Snn, lies in the direction of one of the 
two points in question j which points are, of course, different 
for the orbit of Mercury from those which belong to that of 
Venus. This may be best understood by the consideration 
of such a diagram as is drawn in Fig. XXXVII., in which the 
Earth is supposed to move in the plane of the paper. 

The above figure shows that, if the Earth is in such a posi- 
tion as E or s', when the planet also happens to be at, or veiy 
* If the Earth be at e, luid a planet be in the poaitioa lc, it ie uid to 
be seen in inferior cotfjunetion with the Sun ; if it be at ac, it is 
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Dear to, sach a positioo as p or f', the planet will either pass 
exactly behind the Son, as seen from the Earth, or else it will 
pe«3 in transit across the Son's disc as a small black spot ; in 
the fonner case it might be at p' when the Earth is at e, or at 
p when the Earth is at E' ; in the IstU^r. at p vhen the Karth is 
at E, or at p' when the Earth is at b'. For the planet Mer- 
cniy the positions e and e' of the Earth are in the months of 
May and November ; for Venus in June and December. 

At all other times, the tilt of the planet's orbit carries it 
somewhat above or below the Son's disc, as it passes over or 
under a straight line, joining the places of the Earth and the 
Sun ; just as in Lecture lY. we exjilaioeJ that the tilt of the 
Moon's orbit prt.-vi'nt* 8"lar -t Luiiur eolijist's from occurring, 
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bnha tdane of Uie Kclipnc- 



plmw ioclineil or tilled Ui tkre 



as they otherwise woold, npon the occasion of even- new and 
full Moon. 

We shall make fiirther reference to the traosilis of Mercorr 
in Lecture VI. At present we will only remark that Mercory, 
when in transit, is too small to be seen by the naked eye, bo 
that w(^ are not surprised that no verj' ancient observations of 
its transits are recorded. Bot we think it somewhat strange 
that tlie astronomers of early days do not seem to have 
observed any Transit of A'enus ; in fact, tliat none was noticed, 
as we have stated in onr first lecture, until the year 1639. 

Sach Snn-si>ots, however, as are visible to thi.- naked eye, were 
obBer\'ed in very ancient times. It is therefore just possible 
that a Transit of Venus, the disc of which is quite large 
enough to be distinguished upon the Sun withoat any { 
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scopic aid, maj have been seen, and that no Bjtecial notice was 
taken of it, the planet heing snppoaed to be a spot. 

So far, tlien, the Copernicaa theory explains the occasional 
occurrence of transits of Mercary and Venos, as well as their 
oscillation from side to side of the Sun. It also indicates that, 
when either of these planets is seen in transit, or passes 
slightly above, or below, the direction of a straiglit line drawn 
from the Earth to the Sun, it must turn its unillumiuated 
hemisphere towards the Earth. And a little consideration will 
show that it further requires, not only that they should each 
display a fully illuminated hemisphere, when at their furthest 
from the Earth (in direct contradiction to the Ptolemaic theory); 




but that they sliould, at other times, pass tlirough a regular 
succession of phases, such as are shown in Fig. XXXVIII. 

It is very noticeable, however, in the above figure, that in 
one respect such phases decidedly differ from those exhibited 
by the Moon, inasmuch as the apparent diameter of the disc 
does not (as in the case of the Moou) remain uearly constant ; 
but becomes much wider as the phase becomes less and less ; 
because the planet at the same time approaches nearer and 
nearer to the Earth. Such phases are easily seen in a small 
telescope, and the change in the diameter of the disc is found 
to correspond precisely with the change in the planet's dis- 
tance from the eartli caused by its ]>assage round the Sun. 

We have dwelt at some length uijon this point, because it 
may be considered to be a crucial test of the truth of the 
CopernictiQ theory, iu the case of Venus and Mercniy, The 
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Ptolemaic syatem ia here utterly at fault, and wonld have been 
known to be bo from the first, if the phases of theae planets 
had been visible without telescopic aid. 

It may farther be well to mention that certain apparent 
irr^olarities in the greatest distances to which .Yeniui and 
JUensmy are seen to depart from the Son, or in their move- 
ments in general, are also foand to agree exactly with those 
refinements in the Copemican theory, which, aa ve have 
previoosly etited, involve the knowledge of the tilt of their 
-orbits and of their elliptical form aboat the Snn as a focus. 

Bat to keep to more simple matters, we may remind our 
readers, that, in the table given in connection with Fig. 
XXXIH, it is said that Hercory goes roond the Snn in aboat 
S8 days ; while observatioa shoira (aa is also indicated in 
Cassini'B diagmms, see Figs. XXTV. and XXVL) that the 
■average time between that planet being seen at its greatest 
distance on either side of the San, and reaching a similar 
position upon that same side of it again, is in general about 
116 days. We may ask, do these facts agree with one another 
according to the Copernicaa theory? Does it offer any simple 
-explanation of them? Yesl — It tella ob that tlie onward 
movement of the Earth only allows Mercniy to overtake it, 
upon an average, with about ^tbs its own speed of imgnly 
motion Toand ^e San ; and that, therefore, in order to r^ain 
a similar position to that which it occnpied with regard to the 
Snn' aa seen irom the Earth at any given date, it takes about 
^rd longer than it occnpies in circling once roond its own 
orbit. 

In like manner, the Copemican theory explains, equally as 
well as ihe old Ptolemaic system, why it is that aboat I| 
years, or 584 dayB, elapse, between Venua being eeen twice in 
.SDCcession in any given position relatively to the Sun, althongh 
its own orbital period is only 225 days, or VV^hB of a year. 
The apparent effect ie, in fact, the same as would take place if 
the Earth were supposed to stand still in its orbit, and Mercaiy 
were to revolve round the Sim in 110 daya, Venus in 584, in 
.such paths as are shown in Fig. XXXIX. 

It ia also evident from the above figure, that a planet, thus 
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revolving roand the San, in an orbit nearer to it than that of 
the Earth, has a mnch longer path to traverae, between being 
at its furthest {^parent distance nppn one aide and again upon 
the oppusitfi side of the Snn, when it goes round lityond it 
between the two positions, than when it passes, in the mean- 
time, between the Earth and the Sun. The two periods, in fact, 
last, npon an average, 43.J days and 72^ days respectively, 
for Mercnry; 143 and 441 days respectively for Venus, 

The whole interval of 11(1 days in the case of Mercury, or of 
584 days in that of Venus, which elapses between its being thus 
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Heen twice in succession, in coujunction or opposition, or at 
extreme eastern or western elongation from the Sun, or in any 
other given position relatively to it, is called a synodic period, 
which term means that the period depends npon the joint effect 
of the movements of the planet and of the Earth in their 
respective paths. 

In like manner, it may be deduced from the Copernican 
theory that the period of Mars in its own orbit being (i87 days, 
it mnsf occupy, npon an average (when certain variations in 
its rate of movement are allowed for) "80 days between being 
twice seen from the Earth in conjunction or opposition, <k va. 
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ooming back from any given position to the same potitioD 
again, relatively to the Sun. For Mars, therefore, the orbital 
period is 687 days, the synodic period 780 days. For Japiter, 
the two periods are respectively 4333 and 399 di^B ; for 
Satnm, 10759 and 378 days. These figures, aocording to the 
Oopemican theory, involve an important distinction between 
the cases of those planets whose orbits are exterior to that of 
t^e Earth, and that of the inferior planets Mercury and Venns, 
vis., that it is the Earth which has to catch them up, instead 
of their overtaking it. Moreover, it is the fact of the Earth's 
moving so mnch more quickly round the Snn than Japiter or 
Batoro (or any planet stOl further away), that enables it to 
do 80 in their case, as the last two sets of nnmbers indicate, 
in a little more than a year ; although it requires more than 
two years in order to overtake Mare, whose aognlar velocity is 
only somewhat more than one-half of its own. 

It may also be easily nnderstood, as a consequence of the 
same theor^, that, the orbits of these planets roond the Son 
being ontsi^e that of the Earth, tiiey may be seen, in the 
conrse of any anch period, at any angnlar distance ttova the 
Bnu, betwiedn it and the exactly opposite part of the heavens ; 
and that they will wol, like Mercury and Yenos, simply 
^pear to OBoUate within a short distance on opposite sidM 
of their gr^t roler. It is, moreover, evident that, as they 
alternately come nearer to and depart farther from the Earth, 
their apparent paths seen from it must, according to the 
Cepemiean theory, bear a general resemblance to the series erf* 
carved loops drawn by Cassini in Fig. XXIY,; the socoessive 
portions being described in their respective synodic periods, 
which also agree with the times assigned for their description 
by the ancient a^troDomers as the result of tlie combination of 
the cycles and epicycles of the I'tolemaic theory. 

Thus far, then, tliu hypothesis tif Coperuiciis is fuund to agree 
in general with the chief resiiltu dt' observation. But we have 
not yet bIiowii how exactly it explains that which we think to 
be tlie most peculiar part uf nil the movements involved in the 
apimrent paths of the planets. Wl- refer to their stcUiona, and 
to their sJternately dirvct and rdrograde motion amonj^t the 
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stars involved io the description, near to the times when they , 
make their closest aiiprooches to the Earth, of the smaller 
loops in the apparent orbits shown in Figs. XXH'. — XXVIII. 
The explanation, althongU not very obvious, may, we hope, be 
understood without much difficulty. 

In order that we may clearly realize it, let us briefly restate, 
from the earlier part of this lecture, what it is that we now 
wish to show that the Copernican theory explains. It is this. 
If any planet be watclied, ami its jilace amongst the stars be 
noticed night after night, — altbough, upon the whole, it moves 
amongst them in a direction opposite to that in which they 
appear to go round the Earth day by day ; or. in other words, 
altliough its path is for the most part from west to east ; it 
will be found that, at a certain epoch, before or after the jilauet 
passes through one of its nearest approaches to the Earth, it 
seems to stand nearly or quite still for a while; and that 
between these two stationary positions it reverses the tiirection 
in which it travels amongst the stars, and appears to go from 
east to west. 

In order to indicate how the Copernican theory explains all 
this, let us, first of all, take the case of o planet nearer to the 
Sun than the Earth, such as Venns ; and let us suppose v,, v^, 
Vj, etc., to represent successive jiositions of Venus iu its orbit ; 
while E„ Ej, E« etc., are corresponding positions of the Earth, 
which is moving at a slower raie round the 8un. An observer 
uiwn the Earth will see Venus amongst the stars, iu the pro- 
longation of the line joining him to it at any time, and will 
refer its pla^^e to an imaginary celestial sphere situated at a 
great distance. We will represent such places, corresponding 
to the positions Ei and v,, E,aud Vj, E^and V3,etc., respectively 
of the Earth and Venus, by the small letters r,, ii„ r^, etc. We 
may also notice in passing that, when the Earth ia at Bg and 
A'enus at Vj, the latter is said to be in the position of inferior con- 
jnnction with the Stm, so that it might then, for a few hours, be 
seen in transit across its disc ; but that in geneml the tilt of its 
orbit will carry the line of view clear of the Sun, so that it will 
be referred to i-j, and may be altogether invisible for a day or two 
owing to the glare of the surrountling Bolar light. It sb 
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also he observed that in tbe fignre a motion of rotntiou from 
west to east rouiul the Sun is Hn))p0Bed to take place in * 
<lirectioD the reverse of that in which the hands of a vratch, 
whose face woald l>e represented by one of the circles, would 
revolve. This flirection ni' motion is iudiiiated by all the 
arrows, except those in the highest row, which are drawn 
fo represent motion from east to west. 

We hope that a little meditation npon the iliagram in Tig. XL. 
may eiialjli- uur niKhi!* to si-l' tliat Venus, jiLmrdiDg to the 




Copemican theory, would appear to move onwards, or from 
west to east, amongst the starn, from the position Tj to alxmt 
the position Cj, and, again, from somewhere near to rj on to r. ; 
and that it would always appear so to move except bctwe«n 
snch a position as fj, and such an one as i\, during which time 
it would appear to travel from v, to r-„ and then past p, on i« 
<■„, in the revirse direction. This temporary reversal of iu 
movement, or its retrogression, is therefore very simply a^ 
counted for, as a result of the theory in (jnestion, by the «a# n 
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which its more rapid augular motion around tho Sun enables it 
at 8uch a time to overtake and pass by the Earth. It may also 
be iioticed that the result is brought out by the diagram, 
without any mathematica,! calcuIatioDs, fiiniply by joiniug cor- 
responding places of the Earth and of the planet, and by pro- 
ducing the lines so dmwu to meet the imaginary celestial 
sphere to which our eyes refer the place of the latter. 

It follows, then, that as Venus travels between, or nearly 
between, the positions v^ and v,, or for a certain distance on 
each side ofiT^, one of its nearent approaches to the Earthy it 
will appear to rctro'/raih- in the sky. And we may see that. 




at such a time, as observation also proves, its motion, as it 
gradually overtakes and passes the Earth, will seem to be much 
slower than that which it will manifest when it ia on the 
opposite side of the Sun, and moving in u direction the very 
opposite of that of the Earth. 

Moreover, it would also result, when the ])lanet reverses its 
appun-nt movement from progression tn retrogression, and vice 
vertd, that it must make a slight pause, and for a few day« 
move so slowly as to seem to remain very nearly still. This 
may be further illustrated by a diagram (see Fig. XL.) of a 
part of its a|iparent path during the year li<84, deduced from the 
places given in the Nautical Almanac, in which year it wU. ^ 
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Btationaiy (in wliat is termed Bight Ascennoii*) on Jane 19tb, 
OD which date it makes a pauee. This isltlsothe case on Angiut 
2iid, when its Right AscenBion, which is meaaared horisontally 
in the diagram, begins to iacrease again, after haviiij; dimi- 
nished in the interval between the two dates, aa the oonseqnence 
of a retrograde motion, from about 8 hoars l^ minutes to 6 
hoars 49 minates. 

Without, however, considering any snob refinements con- 
nected with the orbits of Venus and the Earth, as are inToIved 
in the use of the terms right ascension and declination, or aie 
otherwise referred to in onr footnote, we mar a^, when wonld 
the exact moment occur, when their respective moremente 
ronnd the Sun shown in oar previoas diagrams (which are 
really only those which they possess fn celestial longitude) 

* Hitherto we luiTe apoken of the itationur poind of th« plMnets vitfa- 
ont alif tegud to the tilt of their orbite to tlie pUne of tb« wjliptic on 
wbidi the Earth moTes. In f&ct, we hare only oonmdend tba way in 
which its motion ronnd the Snn. and their motionB, in vrtiat ia termed 
Celeatial Longitude, meaaured npon the plane of the ecliptic, oaxue tbem. 
at timea, to appear to stand still. Bnt bondea thia, the tilt of thar patb 
will take them altematelj to the north cw south of that plane, tmd more 
them, even when thej are stationarjr in longitode, to a eertain eztnt 
(onraqoDding to the amount of that tilt) in what ia terawd Korth a^ 
Soatb Celeatial I^titnde. It i«, hotrever, customarj ia tba acdinaqr eati- 
malian of eeleatial positions, to determine the plaoea of tbe heavenlj bodiee. 
not I^ their longitude on the plane of the ecliptic, and their ktitode abore 
or below it, but by their right ascension, meaaured on tha ■"'-tI'-' 
equator, and I^ their disiaooe north and south of it, which ia called tbeir 
declination. And the planet is iimuiUy spoken of aa tlotionary wben it 
is so in Riglit Atrmnon, although its declioation may still be nndergoing 
some change ; partly as an eSest of the tilt of its orbit, and partly becann 
it really is not stationary in longitude at the same dated aa in right 
aacensioD, and its movement in longitude contequently still sligbtly alten 
its declination. Any apparent dincrepancy in the form of the carre. ot 
loop, in Fig. XLI., and of thoHt' in foiti' of our previous diagrama. may hf 
thuH explained. Ncvurtheli'w Yi^, XLI. Hiitticicnlly indicates how a patw 
must occur, when progrcKHiun tliiiuguH in rutrcigretision, and rife rma. 
Wo mny aliw remark that right uHctntfion in not tiimply measured (like 
lungitude) in ilegreeH. but v> gem^ally t«tini:iti>d (iih in our figura) in 
hours, minute'', etc. : twenty-four lioum lieiiig reckoned as equivalent to 
3G0°, in agreement with the way in wliioh thv whole heavenH appear to 
UTB once rnunci the pole, day liy day. iu twenty-four sidereal honm. 
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would cause Venus to appear to stAud still ? Our answer ia 
that it will do so when the extra curvature of the smaller orbit 
of Venus so exactly counterbalances its extra speed round the 
Sun, that the straight lines joining the Earth and Venus 
remain for a short time parallel. Considerable calculation is 
required to work out the question accurately ; but we may 
state that the dates are found t» be, in the case of Venus, 
about twenty-one days before, and after, it is in such a position 
as Ej in Fig. XL, In like manner they occur for Mercury 
(upon an average) about twenty-two days before and after it 
occupies a similar position, the limit, however, in its case, 
being subject to considcrabk^ irregularity. 




Our next diagram, Fig. XLIL, illnatratee this point, and 
shows that, at such a time, while Venus, in the course of a day 
or two, goes on from v, to Vj, and the Earth from E| to s,, 
the length of the arc v,v, is decidedly greater than that of 
EjE, ; and yet the difference in the curvature of the two paths 
causes E,v, to be (>arallel to EaVj ; so that an observer upon 
the Earth, being unconscious of his own movement, and one 
day seeing Venus in the direction E|V,, and the next day 
(or a few hours afterwards) in the parallel direction EjVj, 
considers these two directions to be the saine, because the 
supposed imaginary sphere of the heavens, to which he refera 
the place of Venus, is so far distant that he can detect oa 
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change in the ])laaet'9 jiosition. It therefore, for the timf 
being, appears to remain statiouarj'. 

It follows from the above explanation, by parity of reasouiug, 
that, at the very same time, the Earth would also seem to be 
stationan' to au ohaerver upon VeDiis. And, therefore, if in 
Fig. XL. V be supposed to represent the Earth, aDd e to be a 
planet, having its orbit ontside that of the Earth, it is clear tbal 
each a planet would appear to stand still at a certain intervai 
before, and after, the Earth would pass through its nearest 
position to it, between it and the Snn. It may thus be seen 
that Mars, .Inpiter, Saturn, Uranus, and Neptune (eqoaliT 
with the inferior planets. Mercury and Venus) mtist all havf 
their stationarj' points in their ap|)arcnt paths, as seen from 
the Earth, on each side of their jieriodical nearest approaches 
to it. They must also, of necessity, between two such stAtiouary 
positions, appear to move amongst the stars from east to vcsu 
instead of pursuing the usual direction of their moretuent. 
viz., from west to east. 

We have therefore shown that the simple, but most heaotifiil, 
theory of Copernicus ex])lainB, in every respect, all the ap- 
parent complication of the movements which we observe. Id 
its present esat;t and perfected form it teaches us how a steady 
regular movement of the jdanets, each in its owu orbit round 
the central Sun, causes them to appear to us sometimes to stand 
still; sometimes to move quickly; sometimes slowly; some- 
times to reverse their motion. It tdls us that the interesting 
succession of the phases of Mercury and Venus is a necessary 
consequence of the situation of their paths; as also that the 
days of their greatest elongations from the Son will not 
coincide with those upon whicli they are apjiarently stationan'. 
It proves that the intervals between the consecutive nearest 
approaches of any planet to the Earth must exceetl that in 
which it travels round its orbit, according to a rate which 
is altogether different for an inferior plauot, from that which 
applies to one whose orbit is exterior to that of the Earth. It 
does away with all the confusion of cycle and eccentric, and of 
epicycle piled upon ejiicycle ; and gives in its place a svstem 
perfect in its application to every observed movement, atid in 
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its power to satisfy every advancp that has yet been made in 
theoretical astrouomy ; while tlie old systeni of Ptolemy, 
although exceedingly clever and ingenious, and apparently 
able to account for moat of the facts known while it held 
its sway, was not only fearfully complicated, but must, if it 
had not been previously exploded, have utterly failed to agree 
with observation, when the telescope revealed the phases of the 
inner planets, and the general improvement of astronomical 
inBtmments enabled the movements, both of those within and 
beyond the Earth's orbit, to be watohed and recorded with 
increased accuracy. 

We can hardly wonder that Alphonso the Wise, tenth King 
of Castile, is said to have remarked, more than six hundred 
years ago, that if he had been consulted at the creation he, 
could have devised a better arrangement than the Ptolemaic 
system. But we should be greatly surprised if any of our 
readers should still be so far in doubt as to which is the true 
theory, as with any lingering uncertainty to exclaim : — 
'■ What if the Sua 
Be I'entre tn Ibe world, and otlier staw 
B; bis attractive Tirtue, and their own 
Incited, dance about him various rounda T" 




LECTURE VI. 

THE FLASKT UBSCUBT. 

*' Fint Uen;iU7 completea hii tnui*ent year, 
Olowlag Ktolgeut with reflected glwe." — CkaMm-teM. 



IS ngni interrmllo diacedit, ti 

In passinff on to diacnsB the varioiu planets individnally^, A 
will, we think, be most convonient to take them in ordff 
according to their distances &om the Snn, b^:innitig with die 
nearest. Id attempting to do so, we must, however, at once 
iace the question: — Do we know which is the nearest? We 
have already mentioned that the proximi^ of Mercury to the 
Son makes it often impossible to observe it ; may we not then 
ask, whether, in spite of all onr recent progress, in apHe of 
all the advance that has been made since the early days of tiie 
Chaldtean astronomy, there may not be planets between the 
Snn and Mercnry which we have as yet &iled to detect? We 
notice in Bode's so-called law, that the first tenn, which ii 
taken to represent the distance of Mercnry, is an empirictl 
one ; and for this, as well as for other reasons, we feel that we 
have no good gronnds for affirming that there is any d priori 
improbability against the existence of such planets. 

On the other hand, Le Verrier, than whom no greater antho- 
ri47 could be quoted, has made elaborate calcnlations of certain 
pecnliarities in the movement of Mercury, which indicate thei 
a very considerable amount of umtt«;r lying between it and the 
Bun must constantly exercise an attractive effect upon thai 
planet. He has said that a body of alxmt ^rds of the weight of 
Mercury,revolvingatone-ha]fofits distance from the Snn,woaU 
produce the required effect; or, tliat a larger amount of matter. 
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in a more scattered form, or divided into a number of small 
plaaete, and situated partly, or wholly, still nearer to the 
Sun, wonld suffice. 

It may however be asked, — May not the matter which produces 
the Zodiacal Light, and which (as stated in Lecture 11.) exteuds 
30 far beyond the orbit of Mercury as probably to reach to that 
of the Earth, produce the effect of which we are speaking, and 
so relieve us from the supposition of the existence of any addi- 
tional planet or planets, especially as such matter is doubtless 
much denser in the near neighbourhood of the Sun than further 
from it? But we may answer that it would not suffice to do so, 
because it does not, so far as we know, fulfil another requisite 
condition, viz., that it should be symmetrically situated with 
regard to the plane of the orbit of Mercury. The d prion pro- 
bability in favour of the existence of one or more intra-Mercurial 
planets consequently remains. 

But, if any such planet were of a size approaching to that of 
Mercarj' itself, it seems very unlikely that it would not have 
often been seen. It wonld no doubt be so much the harder to 
detect it, as it might be nearer to the Sun ; but the greater 
brightness which that proximity would confer would most 
likely counter-balance, or more than counter-balance, the 
effects of the glare through which we should view it. If, on 
the other hand, there be several such planets, but of much 
smaller size, we can easily understand that it would not only 
be difficult to see them in a telescope, even if their places were 
accurately known, but very improbable that they would he 
discovered by any but the most prolonged and persevering 
j^earch. 

In fact there are only two special occasions upon the occur- 
jence of which we could hope to make such a tliscovery. It 
would either be when such a planet is seen in transit across the 
Sun's disc, or while the Sun's light is obscured by a total 
Solar eclipse. 

We must allow that a considemble number of instances have 
been recordedof dark, and apparently circular, spots having been 
observed to pass comparatively rapidly across the Sun's disc, so 
as to present the appearance of the transit of an intra- Mercurial 
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planet. At the same time, in order to make aiich an obser- 
vation traeCworthy, it is to be remembered that not only ia it 
neceBsary that the spot Been be perfectly romtd, tmiformly daric, 
and without any contrast between the centre and the periphay 
Buch as occurs in the penmnbra sarronnding the umbra of aa 
ordinary snn-spot ; but its speed of movement mnst be acoi- 
lately determined. 

It doea not suffice to say that a certain appeanuif^ was sees 
one day and not aeen a day or two afterwards, clondy weather 
hartng intervened, inasmoch as sun-spots ondoubtedly, at 
times, appear and disappear with moat BOrpiisin^ r^i^ty. 
N'OT must it be forgotten, that, as the Ban crosses the akyin its 
diornal path, it does not describe that path ronnd the zenitb 
(or that point of the Bky which is vertically above an obaerrer) 
aa a centre, but round the pole of the heavens ; and that, cod' 
segnently, the point on the edge of ita disc which is neanst 
to the horizon does not remain the same during the day. M 
observer who is unacquainted with this &ct, may theiefiiR 
fancy that a sun-Bpot, Bitnat«d near to the 6dge of the disc, 
has, in a few hours, moved upon it to some considerable extent; 
whereas the effect is only a result of the slight apparent rotatioo 
of the Sun's disc, produced in the way above explained, Tonnd 
a perpendicular to the plane of the horizon, for which, in all 
such cases, due allowance mnst be made. 

Another lact also deserves very careflil attention. Jntt 
as it was explained (in Lecture lY.) that Solar and Ltinar 
eclipses mnst take place near to two opposite positions of the 
Earth in its annual orbit, and (in Lecture Y.) ^at transits of 
Mercury only occur in May or !N'ovember, and those of Yeuu 
only in June or December ; so, unless the inclination of the orlnl 
of an intra-Mcrcnrial planet to the ecliptic be slight, which 
would render its transits more frequent, there will be two, aail 
only two, opposite |)eriod» of tlu' year at which they can occor. 

One planet, for iustauce, might transit in March and October: 
another in December and Jnne; and so on. Now, even ifiri- 
make all reasonable allowance of every kind, we find (as *f 
liavt' shown in a lecture delivered at (jiiesham College, id 
Fi'hruarj' 18711, and shortly afterwards pultlislieil for private 
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circulatioD) that the dates at which the supposed observations 
of which we are Bi>eakiug liave been made, would retjuire the 
existence of at least four such planets. lu the lecture in iiues- 
tion, we have referred to nearly all the more important of such 
records, including one which is specially interesting to citizens 
of London, as it was made in the year 1S47, by Mr. Benjamin 
Scott, now the Chamberlain of the City, whose observation 
was confirmed by a simultaneous ami perfectly indepcudeat one 
by the well-known optician Mr. Wray. 

The most celebmted instance of all is, however, that of 
Lescarbault, of the date of March 26th, 1859, in which the great 
l^e Verrier seems to have put much faith. But Lescarbault's 
anjiposerl planet has never been seen again, although often very 
i-arefully looked for, in the mouths of March and September, 
and esi)ecially in years when the calculations of Le Verrier, 
made from Lescarbault's original statement, show, that, if it 
really existed, it ouglit certainly to have appeared in transit. 

Upon the whole, therefore, we can only say thai it is very 
remarkable, that, if any of snch observations have not been 
delusive, no recurrence of the trannits has been detected. On 
the other baud, it is also surprising that so many observers 
uhouM have been deceived, although it must be confessed that 
they have not all enjoyed the advantage of long and practised 
experience in observing. It is moreover certain that some 
apparently well-authenticated cases have been subsequently 
proved to have been erroneous.'^ 

The question of the existence of intra- Mercurial planets in 
therefore still an open one, and of great interest. It is 
essential that, for some time to come, especial arrangements 
be made for the very carelVil examination of the sky, in rhe 
immediate neighbourhootl of the Sun, during total eclipses. If 
any such planets exist, this appears to be the most likely 
method for their snccessfnl detection. 

In connection with this remark, we may mention,t that 

* See an article by ProfeMor Peters in J "(ronoinwrAe Nathriehlru. 
No. 2254 ; sIro ooe by M. Tifserand m the Atimiatre ilu Burrau ilea 
LongUudi'. 1862. 

t See yaUire, vol. xviii.. p. 003. 
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daring the total eclipse of 1869, foar obaerren mt Bt. ftnl't 
JoRotion in Iowa (one a lady) saw mth the naktd «y» irliit 
they termed "a littie brilliant" at adtatanceaboateqnaltothe 
Moon's diameter ftom the Sqd's limb; and a Mr. ViiioeQt, witli 
a small telescope, uw a small creacent-ahaped olijeet about 
three times as fiw from the Snn. Dr. Gould of Cordoba aav 
viiat he aiq)p08ed to have been the star w* Cancri, bi^t wfaidi, 
ftom its brigfatoesB, may have been the object seen by the finr 
abore-meotioDed obaerren. 

A^ain, in 1878, Professors Watson and Swift, in Ameria, 
each annomioed the discovery of two intra-Hercorial planeti 
daring the total eclipse which occarred on Jnlj 29th Ot that 
year. Their observations were, however, so banied, k o^ the 
contigaityof certain stars {8 and i Cancri) to the supposed 
places of the planets bo close, that fiirther confirmatioa of 
their diaooveries is desirable. Professor Watson, however, 
seems to have distinctly stated that one of the plaoets seen 
by him was between the Sun and the star 8 Cuicri. It '\t 
deeply to be regretted that his recent premattire death 
has interfered with his intention to search for these planets, 
not only daring eclipses, bnt, if possible, by zoaldn; spectsl 
arrangements for scratinizing the neighboaihood of the goo 
at other times. It will be very interesting, shoiild one (or 
more), at some fntnre time, be discovered and its orbit be 
determined, to compote its past movements, and to see Whether 
they agree with any of the supposed observations which we 
have described. 

Let iiB, however, now itass on to the planet Mbrcurv, of 
whose existence there is no doubt, while its proximity to the 
Sun ia very remarkable, even if others be nearer still. It is. 
at any rate, so near, that we are able to discover mnch ies» 
than we could wish with reu:ard to it ; so near, that, if others 
lie between it and the Sun, we can never hope to know mnch 
more about them than tlieir existence, their orbits, and their 
size. 

In about three-quarters of an hour less than 88 days Mercurv 
jterforms the circuit of its course, at a mean distance of verr 
nearly 30,000,000 miles from the Suu, and with an areraxt- 
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speed of about lOT.WJD miles per hour. Its diameter is believed 
oiightly 10 exceed 3,0(H) miles ; and is therefore not quite half 
as large agaiuas that of the Moon ; between 4fMi and 500 miles 
less than that of the largest of the satellites of Jupiter ; and 
probably not above fths of that of Titan, the largest belonging 
to Saturn. 

Vt'e need not again describe the succession of this planet's 
phases ; its apparent oscillation from one side of the Sun to the 
opposite ; its return to corresponding positions relatively to the 
Sun, as seen from the Earth, at a mean interval of 113 days; and 
its alternate onward and retrograde motion amongst the stars ; 
inasmuch as we have sufficiently explained all these matters in 
treating of the general character of the planetary orbits and 
movements, in our fifth lecture. We will, however, repeat in 
a somewhat different form our previous statement as to the 
shape, or ovalneas, of the orbit of Mercury, since it may the 
better help us to realize how decidedly escentrical the position 
of the Suu is with regard to it. 

So far is the Sun from being in the centre of this orbit, that, if 
we represent its longer diameter by ten inches, the Sun's place 
will be one iucb from its middle point ; i.e., four inches from 
one end and six inches from the other. To correspond with the 
actual scale of the orbit we must suppose that one inch represents 
about 7,000,1^10 miles ; 6 times, and 4 times which, respec- 
tively give about 42,000,000, and 28,WX),000 miles for Mer- 
cury's greatest and least distances from the Sun ; still more 
exact values being about 43,250,000 and '.dg.SOO.OOO miles. 

According to Kepler's 2ud Law (see Lecture V.), it follows 
that the speed with which Mercury moves in its orbit must 
be very much greater when it is at its nearest to the Sun, 
than when it is so much farther away. In fact, it varies from 
about 35 miles to about 23 miles per second. 

The most ancient observations of this jdanet thai have been 
recorded are said to have been made in the years bm. 265 and 
A.D. 118.' From that time onwards, it was doubtless carefully 
looked lor, but until the invention of the telescope it was only 
ble to see it on the occurrence of those by no meaoa 

* Cfaiimben' " Astronoiny,'' p. 61. 
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-very frequent occasions when it wu particiilarly irall KfaHtal 
tor observation. 

Those who dwelt in regioni within, or near to, tha trapo, 
were donbtleas assisted in detecting it 6jr the sAortmtu ^fik 
iiciligUf as well as by the clearness of ^e air. On tlw otto 
hand, we read that Copernicus, althongh he freqiienUj msde 
the attempt, never succeeded. He was, perhapa, eapidi% 
hindered by the mists and fogs of the Yiatala ; faat it ia, in iqr 
«ase, only possible to do so with the naked egr^ ia waA s 
locality as that of Cracow, where he dwelt (which ia in Dwif 
the same latitude and has conseqoently nearly tlie Mme dm- 
tion of twilight as London), when the planet ie in aa eqpeaaH^ 
ftvourable position, so that its setting or riaiog ia s^Maied by 
as long an interval as possible &om that of the Son.* Itii 
nirely that so propitious an oppbrtnni^ ooenn ai that wkiA 
happened at the end of April, 1877, when, as mi^ be waea faf 
Teference to such an Almanac as Whitaker'a, the Ban set tf 
7.19 p.m., and the planet at 9.30 p.ni. It was alao partiaalir^ 
well situated in May 1882, when its dose praxdmi^ to Teni 
■was most interesting. 

Notwithstauding the strong twilight and moonlight, tti 
writer, in company with various other persons, saw it ihini^ 
brillifuitly night after night during tiie fortni^t foUowiig 
3Iay 22nd, 1882. When the sun set at about 8 p.ni. it wm 
-clearly visible about 8.45 or 8.50 p.m. Owing to ttie si? 
being fortunately free from clouds, he thus watched it with 
the naked eye on seven out of nine conBecative nighta. The 
position of Tenas, which no one could fail to see, was dd 
doabt of great help in guiding the eye to the smaller plant, 
but the brilliancy of Mercury was certainly sorprisiiifr; 
while the flashing and scintillating appearance which it mt- 

• We do not here discuas the Tariation in the amount of light r w ^ rd 
from Mercury caused by the extent of its illuminated phmse or ita d>- 
tonco from the Earth at anj given time. In our next lectnre it will t> 
teen that ancb a diacuasion is important in the caae of T«DnB. I^ bo«- 
arer, Mercury ia to be seen at all by the naked eye, it maat be at mrfc ■> 
apparent diiitance from the Sun, and at auch an octnal distance ftooi tk 
Earth, that its phase will always be nearly the same aa that of the Mm 
when half-full. 
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sented recalled the appellation — 6 SriXfimp, the glittering^ or 
sparkling one^ given to it by the ancient Greeks. 

The telescope has, however, revealed its phases, and has 
enabled us to detect and watch it when in transit. Bat, other- 
wise, it has taught us very little of importance, or of interest, 
with regard to it. Mercury is a disappointing and difficult 
telescopic object. It is hard to get a well-defined and distinct 
view of its disc. Its very considerable distance from the Earth, 
when otherwise most favourably placed for observation ; its 
comparatively small size ; the intense brightness of its light ; 
the solar glare that surrounds it ; and some inherent peculiarity 
of its surface, or of its atmospheric envelope ; — all combine to 
render our telescopic observations disappointing. 

It is true that, near to the end of the last century, SchrOter 
believed that a high mountain was periodically visible as an 
inequality in the boundary of the illuminated portion of its disc ; 
and that he saw a belt probably equatoreal, and indicating an 
axis tilted at about 70^ * to the plane of its orbit (an inclination 
very similar to that of the Earth's axis), during a period of 47 
days in May and June 1801. But we believe that the careful 
observations of Sir W. Herschel did not confirm these state- 
ments ; while most modern astronomers have felt it useless 
to devote much time to this planet. Indeed, we are almost 
forced to suppose that if Schroter was not deceived as to what 
he saw (a remark which may, in some degree, also apply to 
his, and some other, observations of Venus made a generation or 
two ago) the atmosphere, or cloudy envelope of Mercury, must 

* We have tried in vain to meet with a copy of Schroter's " Hermo- 
graphische Fragmente '' in several English libraries. By the kindness of 
M. Niesten, of the Brussels Observatory, in which the book is to be found, 
we have, however, obtained a copy of Schroter's original statement, and 
we are surprised to notice that in almost every English book (except in 
Dr. Ball's recent quotation of Houzeau's astronomical constants in his 
'^ Elements of Astronomy," published in the Science Text-Book Series) 
the complement of Schroter s angle of about 70", — t.^., an angle of about 
20*, — \b given in place of the inclination of the axis really stated by him. 
Very erroneous deductions have consequently been made as to the seasons 
and climatic zones which Schroter s value would involve. They would 
really be, according to him, in close agreement with those of th^ E».tS>c^ ^ 
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have, of late, nndergone iiome change, which makes it » madi 
more difiBcalt telescopic objed; than it formerlj iru. 

With regard, however, to Mercur7, it should at »bj nte be 
noticed, that, quite apart from any chaoges of Boaaon mmri 
by the inclinatioii of its axis, its vaiying distance fton Ae 
Son mnst produce a change of temperatara, idiioh cannot but 
be most important. It is believed by some, who have caicAd^ 
investigated the qnestion, that the ftct that the Barili'i £»■ 
tanoe irom the Sun varies by 3,000,000 miles in tlie ooone rf 
each year, has a decided inflaesce apon the compamtive ialM- 
sity ^ the seasons of its northern and aonthem hemi^AenL 

U BO, let Qs try to conceive what wonld be the eflbet ^MB As 
light and heat received, if, instead of the variation in diMHS 
being 3,000,000 milen, it were to amoont to 38,000,000 afa i 
in other words, if the Earth's distance -from the 8^ «■■ 
sometimes reduced to 75,000,000 miles, and at oCh9 ^Ml 
increased to 111,000,000 miles; which distances are very Wi^ 
in the same ratio aa the greatest and the least a^ the aUStil 
Mercury. 

Let ns imagine how the inhabitants of onr globe iiwiHlrf. 
if tiie Son's apparent disc and the light and heat leoflirct'ftw 
it were at one time more than twice as great as at aoelliBlb ft 
is troe that in some northern latitudes, in the present iimnpUl J ^ 
sone, something like a perpetual snmmer might ensne, botitB 
also probable that a large part of the aonthem hemisphere vnU 
be rendered oninhabitable by the intensity of the wintv eeU 
and of the aammer heat; while, in the tropics, the 
of temperature involved in the alternation ai the 
also be moat onpleaeantly great. 

In the case of Mercnrj' it is easy to calculate that the actoil 
variation iu the Solar light and heat received wonld be fUly ■> 
great as we have just supjioHcd. The apiiareot diameter of tlie 
Sun would, at ditferent times, be just so much greater as tbf 
planet might be nearer to it, and c/'-e cerm ; and we hiw 
already stated tliat its distAQCC is sonietiines more than hitf 
as great again as at others. The Sun's apparent diameter, whei 
greatest, would thi^reforc exceed its least value rather man 
than in the ratio of three to two. Its corresponding areawooU 
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vary as the sqiiams of these* niirnbere, or in tlie ratio of uixie to 
IVrnr. 

In other wonU, the cUac of the Sun, when Mercoiy is at its 
nearest distance from it (or in Perihelion), would apj)ear to 
be considerably more than twice as large as when it is at 
its farthest distaace (or in Aphelion) ; aud the sarac j»roportioQ 
would hold with regard to the respective amounts of light 
and heat received. This is illustrated in Fig. XLIII., in conneo 
tion with which it is also to be observed that the corresponding 
increase and decrease of temperature would occur every Ibrty- 




four days, the periodic time of Mercury round the Sun being 
eighty-eight days, 

Moreover, as may be seen in Fig. XLIV., the apparent 
mean, or average, size of the San as seen from Mercury is more 
than 2i times as large in diameter, and about 6j times as 
large in area, as it is when seen from the Fart.h, and twice as 
large in area as when seen from Venus. At intervals of forty- 
four days the light and heat received from it by Mercury must 
consequently vary from about four times to about nine times 
that which the £arth receives. We may therefore well imogii 
il' there be any inhabitants upon that Sun-stricken orb, that the 
terms PerihulioH and Aphelion are not considered by them, aa 
tliey probably are by some of our readers, to involve ideas of) 
rather intricate or recondite nature, but that every c]^^^* 
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the humblest village school npoa Mercury (if such echoob 
exist), as soou as it can appreciate the simplest teacfaiDg, 
must learn, everj- six weeks, by the temperature at which itt 
own Mercurial feeliugs stand, whether it is in the one poeitiui 
or the other. 

It is, however, well-nigh impossible to supjiose that MercuiT 
can be the abode of beings in any important resi»ect resem- 
bling ourselves, the difficulty involved depending', as we opine, 
rather upon the effect of the Sun's heat, tlian of its light. It» 
light, we may imagine, might be moderated by eyes possessing 
a very slight sensitiveuess to its influeace; but it is not ia 
any way easy to conceive how the intensity of its heat coaM W 




endured, unless it were in some way diminished by the in- 
terposition of a dense and continaons canopy of cloud otO 
shadowing the planet's sky. 

Observation, however, does not seem to indicate that sQcb is 
the case. Tlie surface of Mercury seems, it is true, to b« vmT 
much, if not entirely, hidden from us, but the brightnt'ss of itt 
light is by no means so great as a mass of cloud might be 
expected to reflect. When the Snn is suitably situated wr 
occasionally notice what an astonishing amount of ligbl » 
small portion of cloud, in onr own skies, reflects. From i 
mountain summit, or from the car of a balloon, the sauie effect 
may otleu be seen, upon a much larger scale, when tJio 
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is shining upon masses of clouds below the observer. But the 
amonnt of light received from Mercury, when its size and its 
nearness to the Sun are duly taken into account, is much less 
than would be the case if its surface (area for areal reflected 
even as much of the light received as docs that of the planet 
Jupiter. This has been carefully ascertained at times when 
the planets have been so situated that the comparison could be 
easily aud accurately made. The brilliancy of Mercury is also 
pro|>ortiouftlly much less than that of Venus." 

But even if the existence of such a cloud canopy conid be 
proved, it would atill be hard to believe that it could make the 
planet an endurable, much less a pleasant place of residence. 

Upon the other hand, if its skies were comparatively clondlesa, 
so as to allow a large j>roportion of the Solar light and heat to 
pass, no imaginary supposition, either as to the density or the 
rarity of its atmosphere, would overcome the difficulty. If its 
atmosphere were dense, and contained a considerable amount 
of vapour, so as to render it less pervious to the passage of the 
heat incident upon it, it would, according to well-known laws, 
retaiu what it allowed to pass, and gradually store it up to 
an unbearable extent. If, being much rarer, it permitted the 
heat received to escape more easily, as is the case with the 
rarefied air in mountainous regions upon the Earth, the direct 
effect of the Sun's rays would be all the more terrific, as is 
often, in some small de^ee, found to be the ease in noon-tide 
hours among Alpiuu snows and glaciers. This is of course a 
rough way of stating the dilemma, but it may suffice to indi- 
cate, that an atmosphere which would allow heat to escape 
would also allow it, as it came, to strike down unmercifully; 

* In ft letter to the Timet, <lat«d 28th September, ISIS. Mr. NiiHinyth 
states tbnt he hsw the two planets together in the mme field of view of bia 
teluxoiipe for some houni, and that, while Venns looked like clean silver, 
Mercury appeared more like lead or line. Yet Mercnry wa« at the time 
very clone to it« Perihelion, m Mr. Proctor remarks in a subseqnent letter 
to the same journal, dated October lat, 1«78. In hia "Other Worlds," 
p. 68, Mr. Proctor olao shows that, if Mei-cury had the same reflecting 
power oa Jnpiter. it ought to appear, when in Perihelion 
greatest elongation from the Sun, twice as brilliant to the naked eye 
Jnpiter doe« when at its nearest to the Earth. 
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whilo such an one as wonid liioder its direct effect would retain 
80 mach that the result wonid be eqnally ]>ainful. 

We have already briefly alluded (in Lecture V.) to the 
occasional transits of Mercury across tlie Snn's disc ; tlie poeai- 
bility of their occurrence only in the months of May and 
November; and their dependence upon the tilt, or inclina- 
tioB of the plane of the planet's orbit, to that of the orbit of the 
Earth. It may here be interesting to mention that the requi- 
site conditions for a transit are only fnlfilled at intervals, which 
Bometimcs consist of seven, but more often of thirteen years, in 
the case of two successive November tmusits ; while the May 
transits are less frequent, and occur, in general, at inter^■als of 
thirteen years, or of twice, or even three times thirteen, plus seven 
ye^ara ; i.i!., after the lapse of thirty-three, or furty-six years. 

Some slight irregularities may be noticed in the following 
table, exten4iog from a.d, 16(l0 to a.i>. 2000, extracted from 
the Annuaire of tlie Iloyal Observatory of Brussels for the 
year 1881, which we quote, with the hope that it may interest 
oor readers; ^.y., tbere is an interval of only six, instead of 
seven years, between the transits of November 17T0 and 
November 1782 ; while the nnnnnally long interval of forty- 
six years occurs between the May transits of 1661 and 1707. 



Passages of Mrbchry Across thk Svs. 
(The asterieks denote that the Transits hace been observed.) 



Ifi05. 


1 Noveraber. 


•1743. 


5 November, 


•1868. 


b November 


l<iI5. 


3 May. 


•1763. 


6 May. 


•1H7H. 


6 May. 


1618. 


4 November. 


•17;.6. 


i> November. 


•18rt|. 




\m%. 


fiMiv. 


•176!). 


P November. 


1«91. 


9 May. 


*Ifi3]. 


7 November. 


1776, 


2 Novemlrer. 


1894. 


10 November. 


\MA. 


8 November. 


•1782. 




1907. 


12 Noremher. 


•1661. 


2 November. 


•l7Hfi. 


4M«y. 


IU14. 


6 November. 


•1661. 


3 May. 


•1789. 


6 November, 


1924. 


7M«y. 


1664. 


4 Korember. 


•17W. 


7 May. 


1927. 




•1677. 


7 November. 


•1802. 


!l November. 


1937. 


10 May, 


•1690. 


10 November. 


181.',, 


12 November. 


1940. 


12 November. 


•16it7. 


3 November. 


•1822. 


& November. 


1953. 


13 November. 


•1707. 


6 May. 


•IH32. 


e May. 


19Cf). 


6 November. 


1710. 


6 November. 


•1K35. 


7 November. 


1970, 


9 May. 

i> NovMobor. 


*I723. 


!l Norember. 


•184.'.. 


8 Hay. 


1U73. 


•1736. 


11 November. 


•1*48, 


9 November. 


1986. 


12 November. 


*1740. 


a May. 


•1861. 


Vi November. 


1999. 


24 NovMDbw, 

^ 
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It alao deserves mitice that the observatiou of only five 
of the transits wliicli have occnrred since 1631 has been 
missed. That of 1881 was carefully watched ia Australia, but 
was not visible iu Euglaud ; nor will those of 1891 and 1894 
be well seen here, the former ending very soon after sunrise, 
and the latter beginning very near to the time of sunset. 
The writer of this lecture vfoa especially fortunate in having a 
very good view of that of May 6th, 1878, although in most 
parts of England clouds were exceedingly tronblesome, or 
altogether obscured it, 

Apart, however, from the interest attaching to the transits 
of Mercury in connection with the computatiOD of the datea 
of their oocnrrence and their dependence upon the comparative 
dimensions and position of its orbit and of that of the Earth; 
a great additional importance belongs to them, inasmuch as 
they may afford special facilities for observations of the physi- 
cal characteristics of the planet. It is, for instance, very 
interesting to find that, at such times, a considerable num- 
ber of observers liave noticed iudlcatioDS of something like an 
atmosphere surrounding the planet. An appearance resembling 
a luminous ring was seen around it in 1736, and again in 
1791 ; in 183:^ a similar ring, somewhat tinted with violet ; in 
1868, Dr. Huggius, than whom no more careful and accurate 
observer exists, saw an aureola of light * around Mercury, of a 
breadth equal to about .\rd of its diameter. He alao noticed a 
luminous point of light not far from the centre of its disc, la 
the diagram (Fig. XLV., taken from Chambers's " Handbook 
of Descriptive Astronomy "), which is copied from that of Dr. 
Hnggius, these appearances are shown, but are not repeated in 
the figure of the planet as it is seen considerably distorted ia 
shape passing oti' the edge of the Sun. 

Such an annulus as is here drawn was also noticed by the 
present Astronomer Royal (Mr. Christie) and by Mr. Dunkin, 
at the Royal Observatory, iu the transit of May 1878 ; Mj. 
Christie perceiving an inner and narrower ring of greater 
lirightness very close to the planet. Mr. Criswick also ob- 
sen'ed the halo with a refracting t«Iescope of six inches aperture. 
• See R. A. S. Monthlj Notic«s, vol. xxix., p. 25. 
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To bim it appeared wider than iu the larger instrninents. I 
find that in my own notes of the transit which I observed (as I 
have already mentioned) under very favourahlc circnmBtaiices 
in Suffolk, with a refi-actor of very nearly the satne aperture 
as that which Mr. Criswick nsed, I have stateil the apparent 
width of the halo at the same value as he gives for it, viz., 
about |rds of the diameter of the planet's disc. An assistant 
who was with me also saw it. It was not, however, noticed 
when the observatory was darkened, and the image of the Son 
was projected n]K>u a white paper sereen. 




b 



Some observers have described this ring as appeariog 
darker than the neighbouring surface of the Sun, although 
more have seen it brighter. But it mnst be confessed thM 
the majority (as may be seen by reference to an article in the 
Annuaire of the Observatory of Brussels for ItSMl) did not 
notice it in 1878; nor did they observe a bright spot which 
bae been frequently observed upon the planet's surface at such 
times by others besides Dr. HnggiDii; and which was also 
sesu by myaelf in 1S7S a little to the sonth-west of its centre.' I 

Od the other hand, wo finil that in the recent t -uDBit o! November 
1881, Mr. Tebbntt, «t WintJwr, N. 8. Wb'm, f»w n fti'iit whitirii Rpot to J 
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We are, therefore, almost forced to coaclmle that sacK appear- 
ances are iu some way produced by the effect of the contrast 
between the great brightneaa of the Solar surfaoE and the tiny 
black disc of Mercary, or are related to the diffraction of light, 
or to slight imperfectious in the telescope or in the adjastment 
of the focuB of its eye-piece, which are especially evident when 
a small dark circular object is viewed against a very strongly 
illuminated background. It is, however, very desirable that 
all such poculiaritieH should be carefully recorded and watched 
in future. There may be more in them than we realize at 
present, or it may possibly be found that Men^ury poswesses a 
gaseous, or cloudy envelope, susceptible of considerable changes 
fnim time to time. It will be specially important to notice 
whether any ring of light, such as an atmosphere might cause, 
«au be detected just as Mercury is entering, or is about to enter, 
upon the disc of the Sun, or just as it is leaving it. At such 
A time the dark body of the planet may undoubtedly be seen 
projected upon the Son's corona at least two minutes before 
the first contact of the edges of the discs occurs.* 

After all, however, whether the planet he observed by the 
unassisted eye when at its greatest elongation from the Sun; 
or whether we watch, by means of a telescope, the waxing and 
waning of its phases; or study it upon those rarer occasions 
when it appears as a dark round spot in transit between the 
Earth and the Sun; we regret that we can discover but little of 
interest connected with it; in fact, we fail to detect even such 
indications of its physical condition as the observers of a cen- 
tury or more ago have recorded. 

We believe that it has been stated that some indications of 
watery vapour have been noticed when the spectroscope has 
been applied to its light. But its situation \s generally most 
unfavourable for such observations ; since it must be seen, either 
iu the midst of the overpoweriug glare of the Suu's rays, if 

the centre of tbu planet's diflc; and Dr. Littlu, at Shnnghai. n darkiHh halo 
round Mercury, but no bright spot upon the ditc. 8ee B. A. S. Mnnthly 
Notices, January 1882. 

• See the observntion at Orwell Park Obstrfntory, in the R. A. 8. 
Monthly Notices, vol, xzxviii. p. 414. 
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the Sun l»e not set ; or else low down in the mists of the horizon, 
and through an immense extent of the Eartli's atmosphere. 
We are not snrpriaed, therefore, that even the spectroscope, 
which tells us bo much al>ont most of the heavenly bodies, and, 
in revealing to us the secrets nf their condition, finds distancf 
no obstacle so long aa their light can be duly examined, fails 
to give 118 any very certain indications with regard ti> Mercnr.'. 

We must then be content, in spite of every eflfort that we may 
make, to know but little of this planet. At the same time we 
have endeavoured to show that we know quite enough to make 
us very strongly doubt its habitability. If we choose to specu- 
late upon its fntnre, we may perhaps allow onrselves to imagiue 
that it is waiting to be the abode of life, nntil the Run be so far 
cooled that its proximity to it will be just such as to secure for 
its inhabitants a comfortable temperature; by which time it 
may he that the vapours which now l>oil and seethe around the 
globe of Mercnry may have become condensed so as to form 
aseful constituents of its soil, or be changed into seas and 
oceans, rivers and lakes, some of which may then be detected 
through its clearer atmosphere as dark spots similar to those 
which are now seen upon the disc of Mars. 

This however assumes that, under such circumstnuces, Uiem 
would be astronomers upon the Earth still unfrozen, and 
ready to observe them, — wliich is hardly probable. For. if it be 
true, as some snpi>ose, that the Sun is really gradually pooling, 
it is also most likely, by the time that Mercury would l>e habit- 
able, tiiat the Earth would be as dead and desolate as the 
Moon already is. If we are to believe in the habitability or 
other planets, iu addition to that of the Fourth, it is tberefbn- 
most reasonable to suppose that each has its turn as the abode 
of rational lieiugs, rather than that more than one or two are 
habitable at the same time. 

Of this we may be tolerably certain, that we should at 
present be very much too warm ujmu Mercury, although we 
have, of late years, oft«u wished to feel somewhat more of th« 
Sun's genial rays npou thi' Earth. 



LECTURE VIL 

THE PLAKBT TKNU8. 

" The Htfir that bidH the ■hcphcid fold, 
Mow the top of hcftreiL doth hold ; 
And the gilded car of dsy 
We glowing iiKle doth allay 
In the Bteop Atlantic ntreun. "— MlLTON. 

Wb must now wing our fliglit to a planet much larger, mnch 
more brilliant than Mercury ; one tliat from time to time 
approaches nearer to the Earth than any other ; but one whose 
vet^' beauty is so dazzling that, bold as our eyes may be, we 
are forced to turn from its ci^ntemplation with Iwffled gaze. 

We refer to Venus, admired, we may feel sure, ever since the 
Earth has l>een inhabited, when seen aa the morning or evening 
tttar ; but, in these days, when the habit of late rising is, we 
fear, becoming increasingly common, more often as the latter 
than as the former. 

The size of Venue is nearly the earae as that of the Earth ; 
its diameter only falling short of the Earth's by about g'nth 
part ; its surface by about ,'jtb part ; its volume by between 
^th and ^'^th part. But its orbit and the speed of its move- 
ment round the Sun differ much more considerably from those 
of the Earth. We will therefore repeat, in a somewltat varied 
form, 80 much of the table, which we gave in Lecture V., as 
may enable ua to contrast its orbitAl motion with those both 
of Mercarj' and of the Earth, 



t nculr ) I ■ 



'l veludlrj"' 



The only point which calls for special ri'mark in the above 
tigures is, that the greater each planet's distBoce is from the 
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San, the loager is its year, and the slower its velocity of move- 
ment ; while a little arithmetical calculation would show 
that the onmhers stated above agree very satisfactorily with 
Kepler's ard Law, which was explained in the same Lecture. 

There is, however, i>ne peculiarity connected with the orbit of 
Venus, which distingnishea it from every other planetary orbit ; 
viz., that it is more nearly circular than any other. We have 
8tate<l, in Lectnre VI., that the fraction jth represents the oval- 
nesB of Mercury's orbit, becanse the Sun is sitnated at one-fifth 
of the distance between the centre and one end of the major 
axis of the ellipse which that planet describes. For the ellipse 
in which the Earth rotates around the Snu the corresponding 
fraction is s^h, which indicates an orhtt much more closely 
approximating to a circular shape. But for that of Venus it is 
only abont ^^Trth ; aa a consequence of which it follows, that the 
distance of Venus from the Sun never exceeds or falls short of ita 
mean value of about sixty -seven millions of miles by so much as 
half amillion. The whole change in its distance is therefore less 
than one million of miles ; while Mercury's distance from the 
Sun varies from twenty-nine to forty-three millions of miles; — 
or, in other words, changes by as much as fourteen millions of 
miles in the course of its year ; — and that of the Earth varies 
from ninety-one and a half tn ninety-four and a half millions 
of miles ; or changes by three millions of miles. 

If we compare the semi-minor axis and the semi-major axis 
of the orbit of Venua by the rule which we gave in connection 
with our explanation of the form of an ellipse, in Lecture V., 
page 119; we find that they only differ by about j-^^th part 
of either; that is, by less than 1,600 miles. 

It is also worthy of notice that the plane of the path of Veniu 
is tilted to that of the Earth, or, in other words, to the plane 
of the ecliptic, less than one-half as much as that of Mercury. 
With the exception, however, of some of the minor planets, the 
tilt is greater than in the case of any other jilauetary orbit. 

Venus may, of course, be seen, from time to time, atamacJi 
greater apparent distance from the Sun, and at a much less 
actual distanci^ from the Earth, than Mercnry, as is indicated 
by our previous diagram (Fig. XXXIX.), in which the com- 
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parative piiths of each of these jiknetH aod their maxinium 
elongatione from the Sun are represented. We are thereby 
much asBisted in our observations of Venus. At the same time, 
the excessive briliiancy of its light (to which we have ah-eady 
briefly referred) acts aa a couutcrbalanciug disadvantage, and 
to a considerable extent neutralizes the effect of the more favour- 
able positions iu which we see it. It is in general fonnd that 
the best views are obtained when a telescope is directed to it 
dariug daylight. Bat in the middle of the day the Sun's heat 
often causes the atmosphere to be very much disturbed. The 
most favourable time of all is consequently shortly before sun- 
set, or soon after sunrise ; and even then a slightly tinted glass 
may frequently be used with advantage, in order to diminish 
the brightness of the telescopic image. 

With regard, however, to naked-eye observations of Venus, 
the most interesting point to be discussed is the way in which 
the relative distances of its orbit and of that of the Earth 
from the Sun, and the consei[uent changes in its apparent 
diameter and in its phase (both of which are illustrated by 
Figs. SSXVIII. and XXXIX., Lecture V.), cause the 
brilliancy with which it shines to bo at times unusually 
great. Or, to use somewhat more technical language, we 
may ask, — under what circumstances is the total amoimt of 
light received from Venus a maximum ? 

Before, however, we proceed to answer this question, let us 
carefully notice that we are not speaking of the intrinsic bright- 
ness (as it is usually termed) of the planet' >« surface when seen in 
a telescope. This simply depends ujion its distance from the 
Sun, and its own reflective power, and is not altered by any 
change in its distance from the Earth ; because the bright- 
ness of any illuminated area is unaffected by its distauce from 
an observer (if the light from it be sup]xiscd to traverse empty 
apace), sfi long as the size of the area is appreciable.* 

* The trutb of this statement depends on tbo fuct tbat, if the urea be 
brought nearer, it appenre just bd much krger as the total ijuuitity of 
hght received from it is greater, which Ught conseqnentlj only sufGcee to 
give it the same ioteiuity of lUuminiition cut before. Tbe same argument 
of course, holds good in a reversed direction, when such a aurface is 
samoTed further away. 
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But if the surfiice observed is sufficiently distaut to have no 
visible area (as in the case of Veuus whea viewed b<f the naked 
et/e), 90 that the brightness of the object is estimated simply 
by the whole amonut of light received from it, then its atiparent 
brightneas will he the greater the nearer it is to the observer. 

In regard, therefore, to naked-eye observations of Veuus, its 
light and its apparent brilliancy wonld he greatest when the 
planet is at its nearest approach to the Earth ; and least, whea 
it is at its farthest departure from it ; n'ere it not tfint its phm 
(or the ratio which the illntuinated jiortiou bears to the whole ., 
area of the disc which is turned towards us) changes from time 
to time. 

Before, however, we begin to take this change of phase t 
ioto consideration, we most remember that each degree of* 
phase corresponds Ui a certain distance from the Karth. 
We must therefore, in the first place, calculate what amonot 
of light we should receive from the ])lauet, not only at i 
greatest or least distances from the Earth, but at any inter* 
mediate distance, supposing that its wliole disc reniuued llla>, 
minated; and then, in the second place, estimate bow mill ^^ 
the corresponding ^^n^e still further altera the amount of Ught 
which reaches ns. 

Now ajiart from any change of phase, the total amouat < 
light which we receive must vary, according to a certain well-' 
known law of optics, inversely as the square of the distance of the 
planet from ns. But the apparent aR'a of its disc, as seeu by 
means of a telescope, varies according to exactly the same law." 
We may therefore take the apparent sikb of the IclfScopic disc of 
VenoB at any given time to represent the total amount of tight 
that an observer watching it, mthout the aid of a telescope, wonld 
receive from it ; so tliat the whole areas of the first and fifth 
circles in Fig. XLVL, which are drawn to represent the compara- 
tive sizes of the disc, seen with the same telescopic power, when 

• For instance, if Veaas weav to recede, at any given date, to twi<w tba 
distance from tb« Earth Ht which it whs at a previoun date, the appuvat 
area of its disc, seen by a teletioope, would be reduced to one-fonrth of it* 
previous use, iniumuch as that area varies at the square of the a^Mtmit 
diameter, which would be reduced by onii-biUf. 



THE PL4XET VENUS. 



159 



VenuB is reBpectively at its furthest distance from the Earth, 
aod very nearly at its nearest approach to it, will equally 
eerve to represent the comparative total amounts of light 
which would be received from it on the two occasions in qnea- 
tion, and the comparative brilliancy which it would display to 
an observtr viewing it without the aid of a telesco}?e, if in each 
case the whole of its surface turned tomarda him vere illaminated 
by the Sun's light. 

But, as is represented in the view of the phases of an inferior 
planet given in Fig. XXXVIII., the whole of the half of Venus 
seen from the Eiirth, when itw position uurresjirtnds very nearly 



^ 




to the size of the fifth cinrle in Fig. XLVI., would be dark ; 
while the whole of tlie smaller apparent disc represented by 
the first circle would be bright. It is therefore clear, that in 
some tntertnediate position the greatest total amount of light 
will be actually received from it. And it is found that this 
occurs when its phase is as in No, 4 of the five figures shown 
above, or when about one-fourth of its disc is illuminated. 

In fact, alt we need to do in order to determine the exact posi- 
tion in question, is first of all to draw a series of circles, whose 
diameters are greater or less according as Venus is nearer to 
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or fiuther from tbe Earth ; next, to bkckm all that 
of cacfc whidi, m wco from the Earth, wuold, aaotiing 

Sag pfaa»e of Veoiu, be dark ; ami ihen to 
oar nfiooB 6gate» and find which of than has the Ur g c t 
ana BnUKlccnM]. 

Hk final resoJt of all lliia 
follow*: — W}ti:a Veniu •hioea with its 
weo hf the naked eye, it« phase b (as in 'So. 4 
Sgurvn) very nearlT the same m that of the mooo 
about 3^ days old, or oae-fourth fall. Ventta is at a\Kh a time 
coofliderablr nearer to the Earth than when it ia at its greatest 
apcoreot distauce, or eloQgation (see Fig. XXXVl.) west or 
ea«t of the San. Bat if it come any nearer, the dinuntitioa of 
itn pha«e more than coanterscte the increase in its light which 
its greater proximity would otherwise prodoce. On the oth«r 
band, if it go further away, the phase increases in width, and 
siooD appeurs in a telescope to be eimilar to that of a Mqoa 
half-fiili (tut in N'o. 3 of the abore drawings), and presently 
similar to that of one more than half-full, or gibbooa (as in 
No. 2); notwithstanding which, the total light received from 
it is lettH. In fact, it may be computed, that the balf-muon 
phaw, which correspouda to the greatest apparent elongation 
of Venns from the Sun, sends to us about three-fourths o*f the 
greatest jiossibk amount of its light ; while the planet would 
only appear to shine with one-fourth of its maximum brilliancy 
if, in Mpite of the iolar glare, it could be seen at its furthest 
distance from the Earth upon the oppo»ite side of the San, 
notwithstanding that its whole disc would then be bright. 

We have explained in Lecture V. that the combined effect of 
the orbital motions of the Earth anil of Veuus is to make 
the latter appeal- to travel once round the Sun in ii84 days, 
although its actual revolution in its orbit is accomplished iu 
225 days. An interval of a»4 days consequently takes place 
between its Iwing Jieeu in any given position relatively to the 
Sua, and its being so seen again. Once therefore iu every 584 
days {i.e., upon au average, since some allowance must be made 
for slight irregularities iu Hn movements ), the planet will attaiu 
its greatest brilliancy as an eeenin^ star, and once in the souui 
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time B.s&morninff at&T. Ourprevinua explRDation(iu Lecture V.) 
also makes it evident that these two occurrences will not divide 
the whole period of 5S4 ilays into two equal parts. lu fact, 
the interval between the planet's being at its greatest hrilliancy, 
first as a morning and then 88 an evening star (during which 
time it passes beyond the Sun), is abont 512 days; leaving 
nnly 7'i days between its being successively at its greatest 
brilliaucy as an evening and then as a morning star. 

Again, it should be noticed, that five times 584 days very 
nearly amount to eight terrestrial years, and are also e'lnal, 
within less than one day, to thirteen times the actual period 
of Venus itself aroriml the Sun, which is almost exactly '^'^■i-yn 
days. It follows, therefore, that, if at any given time, in any 
given year, a conjunction of circumstances causes the position 
of Venus, as seen in onr northern latitudes, to be particularly 
iavourable : that is to say, if the Earth happens to be close to 
that p&Tt of its own orbit in which it is at its nearest to the 
Sun (and therefore also to Venus), at tlie same time that the 
planet is in such a part of its orbit that it is seen after sunset, 
or before sunrise, at a considerable altitude above the horizon, 
— very nearly the same state of things will recur eight years 
afterwards. The planet was, for instance, exceptionally brilliant 
and well placed for observation in January 1 870, and in January 
1 878, and we may therefore predict that it will be so in January 
1880. When thus situated, its light is fully sutficient to cast a 
very dicttinct shadow, which may be well shown by opening the 
window of a dark room, while a rod is lield in front of a sheet 
of white paper, upon which the shadow will be plainly visible. 

At such times Venus may be seen with comparative ease 
with the nakeil eye at mid-day, by those who know where to 
look for it. Occasionally, when the requisite conditions are 
fulfilled with exceptional accuracy, it has been so conspicuous 
as to attract the notice of a crowd. 

Arago tells us* that there is a tradition recorded by Varro, 
that, " in bis voyage from Troy to Italy, ^neas constantly 
perceived this planet, notwithstanding the presence of the Sua 
iibove the horizon." He also states that Bouvard had informed 
T * Anmo'B "Popular Astronomy," English Edition, \o\. \.,^."t?ft- 
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him, how (ieDeral Boiiai)art«, ujion repairing to the Luxem- 
boarg, to atteud a fete given to him by the French Directory 
in 1797, was mnch surprised at seeing the mtJtitade in the 
Hue de Tournon pay more attention to the region of the heavens 
above the palace than to himself or his retiune. The Cieneral 
then learned to his astonishment that, although it was noon, 
they were watehing the planet Venus, which they supiKised to 
be the star of the C'onqneror of Italy ; and on looking in the 
direction indicated, he also saw it himself.* 

By way of contrast to the case of Venus, whose greatest 
lirilliancy is attained (aa we have shown) when its pliase in 
less than half-fnll, it is a somewhat interesting fact that the 
greatest brilliancy of Mercury occurs when it is more than half- 
full, and when it is, consequently, in the further part of its 
orbit from the Earth ; the dinuuution of light, owing to the 
decrease of the apparent diameter of its disc, being more than 
compensated, in its case, by the iacrense of its phase. To 
prove that this must be so would need some calculation, but 
itmay not l)e hard to understand that it arises from the fact, that 
the dimiuutiou of its apparent diameter, caused by the increase 
of its distance, is projmrtionally less than it is for Venns, while 
the proportionate increase of phase is the same. It is stated 
in Dr. Ball's " Elements of Astronomy " (p. 264), that a planet 
revolving at 4I,0rK),i"KK) miles would be brightest when half- 
full ; oue further from the Suu, when its phase has a crescent 

* Although Venus is at timtis more conspicuous than wan the case in 
1881, the writer nboerved that, ereii on Euster MondAy, ttentttf-two di^ 
i^tr March '2Ttb, the date of its maximunt brillianoj. the planet oould jjia 
wa\y distinguished at noon with the nuked eye, when its poatioa lutd 
Hrst been discovered with anequatorenl1f-mouiit«d telettcope, Itauy^laft 
be worthy of mention, that, nt the beginning of April, in the same yett, 
his brother-in- law returned home one afternoon, and sucl that he had boea 
mnch surprised lo see. in tlie middle of the day, while walldng along ■ 
street iu the east of London, the Snn. the Moon, and a star, all coin- 
paratirely near together in the heavens. It tea,* the yonng Mood and 
Venus which he thus perceived, without knowing where to look fnr lb* 
plnael, or even bmng aware that it niight l>e possible to we it. Again, m 
Muy 23rd, io the «ame year. $ixtrtii ilayf brf-rt it) next nnbwiquent date 
of maximum brightneM. it was seen with the naked eye nt Doon. in Hiiffolk. 
br the writer of this lecture. 
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form, aa in the case of Vcqub ; one nearer, when gibbons, as Id 
the case of Mercurj'. 

We have said in our last lecture that Mercury does not 
appear so brilliaut as we should expect that it would, if its 
light were for the moat part reflected from a dense canopy of 
clond. On the other hand, the brilliancy of Venus is so great, 
that we have little doubt that what we see ia chiefly cloud, and 
not the true surface of the planet. Chacoruac fooud its bright- 
ness to be ten times greater than that of the most Inminous 
parts of the Moon ; which would assign to it alight-reflecting 
power fully five times as great as that of those parts, since the 
aunlighr received by it is not qnire twice as intense. But this 
can hardly be the case ; inasmuch as the late Professor ZcUner 
found the averaife reflective power of the Moon's surface to be 
snch as to send back about ^th of the light incident upon it. 
The best investigations yet made indicate that the lights 
reflecting power of Venus (or, as it is sometimes techuically 
termed, its alljudo, or whiteness) is rather more than three times 
as great as that just stated for the Lunar surface as a whole. 

The period of the rotation of Venns upon its axis rests upon 
stronger evidence thau that of Mercury. So long ago as 
1(160 the eldest Cassini, while observing it, in the clear sky of 
Italy, watched a bright spot upon its surface, which returned to 
a similar position in about 33 hours. This observation was 
at^rwards, to some extent, confirmed by others made by 
Bianchini, who about a.d. 1724 detecteil the apparent rotation 
nf several dark spots.* Again, in 1789, Rchriiter, having 
undertaken a careful examinatinn of the disc with a seven- 
foot reflector, discovered a small limiinous point in the dark 
hemisphere, slightly separated from the aoutliern horn of the 
crescent. Tliis point lie snpjiosed to be a high mountain, whose 
summit caught the Sun's rays before they reached the sur- 
rounding regions. He also tells us, that a blunted appearance 

• Biancbini announced the period an 24 days 8 honra, bnt Coasiai's son 
(who ia generHlly known at, Cnsnini 11., or James Cniwini) showed that 
Bianchini had not lieen able to watch the planet continuously, and that 
II rotation of 23 hours 20 minutes would equally satisfy hiH obaervBtionB, 
by supposing that it had really gone round 25 timee, while he imsfjsKA. 
that it had only rotated onoe. 
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of the southern liorn of the crescent occnrred at regular 
intervale, which lasted for a short time, and which he considered 
was in all probability caosed by the shadow of a peak of the 
Bttme monntaiu range, whose illutuiaated sammit he believed 
that he saw. From the interval at which the same appearances 
recurred, he dedoced a rota,tion of the planet in 23 h. 21 min. 
19 sec., which was in close agreement with the vEiIue previonsly 
obtained by Cassiai.f We may remark that we have oni^ 
selves at times thought the above-mentioned blnnting of the 
southern horn (the uppermost in a telescopic field of view) to 
be very evident. Upon one occasion it appeared to be so dis- 
tinct, that, when we reqnested several of our friends, notwith- 
standing that they were unaccustomed to such observationa, to 
look through the telescope in succession, and independently to 
record anything remarkable which they might see in either 
horn, they unanimously selected the same one, and noticed 
this peculiarity in it. At the same time we must accept with 
very much reserve SchrOter's measurements of the supposed 
height of this, or of any other mount&ins, which he mentions 
as irregularities in the edge of the illuminated part of the disc. 
To the loftiest of such mountains he assigned an approximate 
height of twenty-seven miles, which represents a proportionate 
elevation about five times aa great as that of the highest apon 
the snrface of the Earth. 

There are some other peculiarities connected with VeniM 
which deserve mention ; for instance, tliat when it is seen as 
a crescent there appears to be a gradual fading-avray of its 
light towards the boundary between the illuminated and 
nnilluminated parts ; as also that the corresponding dividing 
line between these two portions does not appear to he esnctlv 
a straight line, so as to make the phase similar to that of the 
moon when half-full, at the time when calculation iadicat«! 
that it ought so to do ; there often being a discrepancy, one 
way or the other, of three or more days in the time whea th« 
half-full moon phase is seen. 

* See Grant's ■' History of Astronomy,*' p. y34. 

f SutjNcqnent nlistirvAtioiiH by De Vico aiid others at Rome, In ai|cl 
after the yettr I B.'IS, have also very ctosely confirmed this result 
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These effects may be in some way conneckd with the nature 
of its cloudy, or vaporous eiivelopea, bat we canuot say that 
any thoronghly satisfactory explanation of them has as yet 
been giveu. It has sometimes been stated that the outer edge 
of the crescent phase appears to be its brightest part ; bnt 
careful obser^'ations, in which its light has been continuously 
diminished by the use of a wedge of dark glass, have indicated 
that the brightest part is not at the outer edge, but somewhat 
within it, so that the light is reflected, to some extent, as it 
would be from a vitrified or polished spherical anrface, in 
which one special spot would shine with surpassing brilliancy. 
Heace it has beeu recently suggested that the reflection of the 
light of Venus may be specular, or mirror-like ; an idea which 
must, however, be considered to be extremely hypothetical. It 
may. moreover, be well that any such hypothesis shovild be 
allowed to tie by for the present, as its snggestiou originated 
a considerable amount of rather animated controversy. 

Mnch more certain are the indications of an atmosphere 
of the planet, which are afforded by the extension of the 
cusps, or fine terminating {winta of the crescent, beyond a 
semi-circumference, into the darkened part of the disc. This 
hat) been noticed by Sir VV. Herachel, as well as by SchrOter, 
and by many others in more recent times. Observations have 
also been made by Professor Lyman, of Yale College, U.S., 
and, we believe, by at least one other observer, of a fine thread 
of light seen all round the planet, at the time of its inferior 
conjunction, wlien its dark side is altogether turned towards 
the Eartli. And certainly during its transits in 1761, 17(S9, 
and again in lf*74, both just before and after it entered upon 
the Sun's disc, a ring of light indicating an atmosphere of 
considerable refractive power was seen. 

We have therefore very good grounds for believing that Venus 
is possessed of an atmosphere ; which we also suppose to be 
heavily laden with clouds, owing to the brilliancy of the light 
reflected to our gaze. 

We have already discussed the trausitB of Venus in our first 
lecture upon the Sun, in which we explained their exceptional 

tjurtauce in reference to the determination of t\\a %^t^% 
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distance from the Eartb. In tliis place, therefore, we need ouly 
remark with regard to them, that we hope, that in the coming 
transit of 1882 very csrefiil attentioQ will be paid to any 
indications which may bo seen of the planet's phrsicai condi- 
tion, or of the nature and extent of any atmospheric appendsige 
belonging to it. 

Oar readers mast certainly by this time ( if not before) have 
b^an to think how little that is certain, or important, has after 
all been discovered about this ]ilaiiet, so beanteoos to the naked 
eye, so baffling in the telescope. Nor is it mncb less tanta- 
lizing, that we are unable to give satisfactory explanations of 
some appearances, which are in themselves more snre. As an 
instance we may refer to one, which is generally described as 
a greyish light occasionally noticed upon the dark part of 
the planet's disc. It is most often seen in observations made 
during daylight or briglit twilight, and is termwi by French 
observers la luinii're cendrcc. It faintly enlightens the re- 
mainder of the disc, when the planet is so sitnatetl that its 
illuminated phase is slight (as in No. .j of the drawings in 
Fig. XLVI.) How it is caused it is hard to say, unless it 
be by some optical delosion. No reflected light from the 
Earth, snch as illaminates the dark part of the disc of the 
yoang Moon, could possibly suffice to produce it. It has 
been suggested that it may arise from phenomena of an 
anroral character, or even from some kind of phosphor- 
escence in the planet*s surface; but it must, we think, be 
confessed, that the enigma is one which is still unsolved. It 
is certainly sufficiently interesting to deserve further and 
careful study. 

Another curious fact in the history of the planet is, that 
for about a hundred years, viz., from I6r2-17<i4, observatiooa 
were made from time to time of a supposed satellite beloogiog 
to it. It is generally considered that such appearances were 
(AOaed by minute images of the planet formed by snceeBStro 
refli-ctions between the glasses of the eye-piece of Uie telescope 
naed, or between it and the obsener's eye,' which wotdd the 

• Sm abo in R. A. Sl Honthl; Notice* for Juiuirv 1»)-J. p. Ill, how « 
mmlt bright creaccnt «a« teen xxr*i to VMim by Mr. Denning, whkli ww 
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more easily prove deceptive, because the phase of such a 
satellite (if it existed) would, when seen from the Earth, 
necessarily be the same as that of the planet, and cause it to 
look like a smaller image of the latter. 

A curious incident of a somewhat similar effect may be cited 
in the tiny companion star, which M. Otto Struve, for some 
time, believed to belong to the bright star Procyon. Professor 
Xewcomb also states, in his " Popular Astronomy" (p. 297), that 
one of the eye-pieces of the great Washington telescope shows, 
under certain circumstances, a beautiful little satellite alongside 
of Uranus or Neptune, which, however, disappears when the 
telescope is moved. Nevertheless Mr. Webb remarks (in his 
" Celestial Objects ") that it is difficult to apply the explanation 
of an optical delusion, produced by instrumental effects and 
sometimes called a telescopic ghostj to Short's observations in 
1740, who, by the employment of two different instruments, 
and four different eye-pieces, took every precaution against 
error. 

For our own part, although we can hardly believe that a 
satellite of Venus has as yet really been seen, we must confess 
that it appears difficult to explain how observers of some time 
since should have been able to see, or should have thought that 
they saw, so much more than we can see. We are almost 
tempted to ask, — Did their telescopes, or did their fancy, deceive 
them? It may, however, be well, if further observations, with 
a view to the possible discovery of a satellite, be made with 
modern instruments of the most improved construction, either 
under the clear skies of Italy or of Algiers, or on some elevated 
site, such as that of the new Lick Observatory in the moun- 
tainous regions of North America. It will also be quite worth 
the while to watch carefully with very powerful telescopes 
during the transit of December 1882, for the appearance of any 
very minute satellite or satellites of Venus (similar in size to 
those of Mars) upon the disc of the Sun. 

found to be caused by sunlight falling upon the sliding-tube of the eye- 
piece. In the above paper many interesting observations of the planet 
are recorded, accompanied by some striking drawings of spots and other 
markings and irregularities of its surface. 
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We liave already mentioned tliat tLe size of Venus does not 
greatly difff^r from that of the Earth. It is also found, from 
calcolatious of its mass, that the attraction of gravity upon its 
surface is within one-tifth part of being the same. In this 
respect Venus would therefore be much better suited thau 
Mercury (upon which the attraction of gravity is only about 
one-half as great) for the habitation of Imiugs like ourselves. 
Nor woidd the intensity of the Solar heat be nearly so tierce as 
upon Mercury, since the Sun would only have an apparent dia- 
meter two-fifths larger than that which it presents to us ; while 
its apparent ai-ea, although nearly double that which we see, 
would only be of one-fourth of its average size as seen from 
Mercury.' The heat and light received would, in like manner, 
be about twice that received by the Earth, and about one-fonrth 
of tliat received by Mercury. We have, moreover, shown that 
there is much more reason to believe, iu the case of Venus than 
in that of Mercury, in the existence of a dense envelope of 
cloud, which might possibly in some degree mitigate the Solar 
heat. But, if the observations of Schrflter, or even the more 
recent observations of De Vieo and of those who assisted him 
in 1839-1841 bo correct, it would seem, that the tilt of the axis 
of the planet to the plane of its orbit is such, tliat the climatic 
conditions upon it would be very greatly opposed to its 
habitability. 

8chrOter considers the tilt of the axis to the plane of the orbit 
to be about 15°, and De Vico about 37", while in the case of the 
Earth the corresponding inclination is Ofij^. As a conseqaencv 
the arctic zones of the Earth extend to a distance of 2^1"^ from 
its poles, i.e., to a latitude of Cti^" from its equator, while the 
1 ropics extend to 235" on each side of the equator, or GtiJ" from 
the poles. Upon Venus, if SchrOter were correct, the arctio 
regions would extend to 75° from the poles, and the tropics to 
76° from the equator ; while about 53" would be the limit in 
either case, according to De Vico. 

But even on this latter more moderate supposition the arctic 
circles would come down lielow the half-way parallel of lati- 
tnde of 45", and the tropics would reach to 8' beyond it. A 
* Bee Fig. XLIV., Lecture VI. 
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zone of 16°, in what would otherwise be the most temperate 
region, would consequently be the least Huited for habitation ; 
as in one half of the year it would experience a tropical summer, 
and in the other half an arctic winter, during which latter sea- 
son the Sun would wholly disappear (according to the latitude) 
for a greater or less number of days. As is the case upon the 
Earth, so, in like manner, for places situated within the more 
extensive tropical regions of Venus, there would be two days 
in each vear in which the Sun would be vertical at noon ; but 
between those dates the tropical summer days would not (like 
our own) be but little longer than one-half of the number of 
hours in which the axial rotation of the planet is performed; on 
the contrary they would increase to a maximum duration of nearly 
twenty-three of our hours (if we suppose that to be the true 
rotation-period of Venus) for places situated near to 37° of N. 
or S. latitude, as in places upon the Earth lying but little 
below an arctic circle ; while in localities situated between 37° 
and 53° of (tropical) latitude upon Venus daylight would be 
continuous for a certain number of days in the middle of the 
period in question. In either case the gradual increase of 
temperature caused by the excess of the heat received by day 
over that lost by night, would, we think, of necessity become 
utterly unbearable. 

Upon the whole it therefore seems, that, even if other 
reasons might not force us to deny the habitability of Venus, 
any such axial inclination as the above would make it im- 
practicable, unless perchance to a number of unsettled beings, 
who might, according to the season, migrate from place to 
place, in order to choose the most bearable climate ; so that, 
instead of emigration being a remedy for a local intensity of 
over-population, as upon the Earth, a perpetual state of 
migration would be the normal condition of existence upon 
Venus. When we remember how few of those who would in 
winter time be glad to change the snows, gales, and fogs of 
England for the gentler climate of southern France, or of the 
Mediterranean, are able to do so, we may realize how improb- 
able it is that there are any residents upon Venus, if it be only 
habitable upon some such supposition as the above. 
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The probable tilt of the axis of Venns is, however, so very 
oncertaio, that it may be welt to consider the above paragraph 
as a geometrica] exercise apoo the possible effects of a certain 
axial incliDation in a planet, rather than a statement of what is 
really to be considered as the stat« of things probably existing 
upon Venus itself. 

It is certainly the case that the observations and drawioga 
of the spots and markings upon the snrface of Venos, to 
which we have already referred as mode by De Vioo snii 
others at Rome, in 1S39-4'J, as well as those of some 
observers of more recent date, for the most part agree very 
fairly with those of Biauchini in the years 1726 and 1T27 ; in 
fact, sntBciently well to give, as we have stated, remarkably 
accordant results for the supposed period of its rotation 
deduced from their apparent movements. And yet modem 
iistronomers (see, for instance, the opinion of Dr. Vogel, in 
Part U. of the ''Bothkamp Observations," published in 1873) 
feel great doubt as to the period in question. Mucli morC) 
therefore, may we feel extreme uncertainty as to the iocliiia- 
tion of the planet's axis, with reganl to which not only do 
modern observations give no information, but older observa- 
tions are very discordant." 

To conclude tliis lecture we will quote, from p. 71 of Cham- 
bers' " Handbook of Descriptive Astronomy," a translation of 
the curious anagram in which Grallleo aunounced to Kepler 
the detection, by means of his telescope, of the phases of Vcnnsj 
a discovery which afforded a most important confirmation of 
the truth of the great Coperoican theory of the Solar System, 
and which, we think, it may still be interesting to read in the 
form in which it was originally expressed, tfalileo wrote : — 

'■ Ha;c immatura a me. jam frustra, leguntur. — o. y." 

■■ These ihing* not ripe (fordisclosnre) are read, as yet in vain, by ma;'* 

" Th«iio thing* not ripe ; at present (read) in vain (by others) are iwd 



^L 'For 

^m oonneet. 



• For fiirtbtr information upon these and many other poiutsof iateraib 

ted with the planet, wo may refer our readers to the new editioa 

of the Rev. T. W. Webb's ■■ OeleKtial Objects for Common 
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This, when transposed, becomes — 

^' CjntbiflB figuras sBmulatur Mater amorum.'* 

*' The Mother of Love (Venus) imitates the phaftes of Cynthia (the 
Moon)." 

To follow the gradual change of these phases as their width 
continuously diminishes, while the diameter of the disc simul- 
taneously increases, until at last the illuminated area, as is 
shown in Fig. XLVL, is reduced to the finest possible sickle- 
like line of light ; or, vice versd, to watch the increase of phase 
while the diameter diminishes; — is perhaps, even for those whose 
telescopes are by no means powerful, one of the most beautiful 
and interesting sights that the heavens afford. 
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" Age here on age 
■■ Lies hcaii'd likt wiiher'd leaves. And miuit it end ! " 

Im discuseiog the Earth as a member of the Solar System, 
or in comparing it with the other planets which circle rocnil 
the Sim, either within or without its orbit, it is almoat 
impossible to say where astronomj- begins and geography and 
geology end ; or, to use a term of somewhat recent inveotion, 
it IB by no means easy to define the iKinndary-line betweo 
astronomy and physiography. 

Some of the smallest variations in the Earth's morements 
involve results of the deepest import in its past geological 
liistory, and in the interchange of glacial and torrid epochs. 
A deviation from perfect regnlarity in its shape, which might 
at first sight seem of little moment, causes the precession of 
the equinoxes, and changes the whole aspect of the heavens, as 
they are seen from any given ten-estrial locality, in the course 
of every 2(1,0(10 years- The temperature of a mine ; the density 
of the air at the highest altitude the aeronaut can attain; 
the speed with which a pendulum oscillates at the equator, 
or near to either pole, or in any intermediate latitude ; tJit 
greater accumulation of ice at the south than at the north 
pole; the varying duration of twilight; the beauties of the 
Aurora ; the Earth's ever-changing magnetic currents ; the 
distnrhaucea of the action of telegraphic instrnmenta ; the raiu- 
fall of any given year ; the tides and currents of the ocean ; 
the fury of a cyclone ; the throbbing of an earthquake ; the 
gtowiug tire of a volcano; the regulation of every watch aod 
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clock we use ; the adjnstment of ttur calendars ; the deter- 
mination of onr etandanl weights and measures ; the energy 
required to leap over a wall, to draw a train, or to propel a 
cannon ball, — are all closely connecte*! with important dis- 
coveries in Astronomy ; while mnch l)e8i(lps, which migltt at 
first be thonght to belong to the simplest aoii most ordinary 
events of every-day life, may also be shown to depend upon, or 
to ilinstrate, some fnndamental astronomical principle. 

Where, then, are we to fix the limits of onr discussion, 
amongst the fascinating lines of thought which at every point 
tempt our pursuit? Were we to yield to the temptation, we 
should soon find how many subjects there are connected with 
the Earth, each of which, for its worthy treatment, might well 




demand a long series of lectures. It will, we think, be oar 
wisest course simply to endeavour to put together here a few 
of those elementary truths connected with the Earth, and its 
jiresent, or past, condition and circnmstauces, which are moat 
closely related to Astronomy ; although we may, in so doing, 
devote a little additional space to some points of special 
interest, which, in our opinion, frequently meet with less 
attention than they deserve. At the same time, we must crave 
the kind indulgence of our readers if we make little mention 
of some well-known facta which are explained in almo»t every 
elementary text-book ; or omit some others because of their 
abstruse and difficult nature, however fully they may belong 
to astronomical science. 

Amongst the former we may place the geiieta.\ e^&i^VwaalCvQ^ 
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of the cause of the seasons of the Earth's year — Spring. 
Sammer, Antnmn, and Winter — to which bar allnsioQ shall be 
comparatively brief. ThediagramsiiiFigs. XLVII.aDdXLVIII. 
may be eufficieot to ahov, that, in the summer of either hesii- 
sphere, the Son's rays fall with a nearer approach to verticaUty 
at noon in the temperate zones, thau in the mnter, so that the 
beat ofthesuDimer season of the yearia couaeqaently incrmsed. 
In the former figure a place, Q, ia sappoeed to be sitnated in 
45° of north latitude, qz is the dirertioD of the zenith, gs is 
the direction of the Snn's centre at noon, which, owing to iu 
immense distance, is almost exactly parallel to the line drawn 
from E, the Enrth's centre, to that of the Sun. The direction 




of the Earth's axis is drawn so as to correspond to the date of 
the summer solstice. 

In Fig. XLVIII. the northern extremity of the Karth'a axis 
(which axis remains parallel to its prerions direction) in 
located jUMt as much beyond a perpendicular to the directioti of 
the Sun, as, in Fig, XLVII., it was on the snnwai-d side of the 
same perpendicular (which in that figure is indicated by a 
dotted line) ; and it is evident that the angle zqs is mocb 
larger than before, so that tlie Snu'a rays will deviate much 
more from the vertical — {.e., from the direution of the zenith — 
than in Fig. XLVII. 

It is only another way of stating the same fact (as these 
diagrams also indicate), to say that, at noon on any day io 
simimer, the Sun will be higher above nh, the horizon of socfa 
a place as 4, than in winter ; the day apou whicli it is hi^hust 
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being calkiJ that of the stuumer uolstice ; a name which 
aignifies that the Sun, after having gradually approached 
nearer and nearer to a pole of the heaveiis, stops or pauses 
for a brief interval before it begins to recede again. And, 
since the Son appears, like all the other heavenly bodies, day 
by day to describe a circle round one of the celestial poles, in 
consequence of the rotation of the earth upon its axis, it follows, 
as a result of the smaller radius of the circle which its smaller 
distance from the pole involves, that it irill he mnch longer 




above the horizon of any given place in summer than] m 
winter. =' The diagram in Fig. XLIX. is mtended to illustrate 
this laut statement. 

In the above figure, n. h. and a/a, re£ireBent respectively the 
north and south points of the horizon of any given place ; 
the position of the north pole of the heavens being shown 
for one which is situated in about 45° of north latitude. 

* That is to say, with the exception of a place aitnated upon the equator, 
where the days and nights respectively are of ^eitunl length all the jear 
round. 
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When the Suu risye exactly iii the cast, and sets exactly in the 
west (as it always does at the time of an eqniuox^, its apparent 
diurnal path will be bme, b and m being exactly half-wsy 
between n.h, and s,h. The eircli' bmb consequently represents 
a day of 12 hours in length, of which b is the beginning, m the 
middle (at noon), and e the end. But in the height of sum- 
mer, the Snn'a distance from tlie pole will be so much less, 
that its path will correspond to the circle HiMji':, ; while in the 
middle of winter it will be b,m,E|, It is not difficult to see, 
that, in the latter case, the duration of the day is shortened sn 
as to he less than 12 hours, while in summer it is corre* 
spondingly lengthened. 

From our preceding statements it therefore follows that there 
are two causes which conjointly produce the difference between 
the various seasons of the year ; the first, the greater altitude 
of the Sun, and the consequent nearer ap]}roach of its rays to 
perjiendicularity ; and the second, the greater length of the day 
in summer than in winter. This latter effect also (so to aay) 
intensifies itself, from the fact that, when the duration of tie 
day exceeds 12 hours, and is consequently longer than that of the 
night, the heat received accumnlates, because more is gained 
in the day than is lost in the night." It therefore results that 
the greatest heat of summer is not attained at the time of the 
summer solstice (i,e. at the end of the third week of Jane). 
but some time afterwards, the temperature in the meauwhilt* 
increasing to some extent; just as it does, day by day, for a cer- 
tain length of time after noon, the daily maximum not being 
reached until about 2 p.m. 

We have thus briefly referred to tlie fact that the length of 
the day in either hemisphere depends upon the Sun's distaooe 
from the corresiKtudiug pole of the heavens, and we have 
indicated, in Fig. XLIX., that, the further it is from the 
jToIe, the sooner will it in setting meet the horizon, tli« Inter 
will it cross it in rising. We think, however, that a somewhat 
fuller consideration of its apparent <l(tily path, as sceo from 
different localities, and at ihfferent neatoim of the year in anv 

* In the Utituile of London the longest day isabout 1G hoars ^ 
Kltd the fhorU^t niglit about 7 hours 'i6 iiunut«ii. 
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given locality, may for several reasons l>e l)otli interestiug and 
[irofitable. 

To this wf will, therefore, now proceed ; but, before we 
actually enter upoQ the explanations involved, we will mention 
a little difficulty which we believe to be often felt in connection 
with the definitions usually given of those points in the heavens 
to which we have already several times alluded as its North 
and South Poles. They are frequently defined in astronomical 
treatises to be the points where a prolongation of the Earth's 
axis wonld meet the ima^nary celestial sphere to which the 
places of all the heavenly bodies are referred ; but at other times 
they are said to be the points in which a line drawn through 
the centre of the Snn, parallel to the aforesaid axis of the 
Earth, wo\dd meet the same sphere ; and some of onr readers 
may have wondered that two definitions, apparently so ditterent, 
should thus be given. We wish, therefore, to state that they 
are really eijuivalent. 

In comparing these two definitions, we must allow that, at 
first sight, it might be thought that it must necessarily make 
some diflference, whether the direction in which the north or 
south pole of the heavens lies be that of a straight line drawn 
through the Earth's centre at any given time, or of a parallel 
line through a point (viz., the Sun's centre) which is 93,000,000 
miles distant. Still more, according to the first definition, 
might it seem hard to believe, that it matters not, whether the 
parallel direction be taken through the Earth's centre at any 
given date, or six months afterwards, wlien its position has 
changed by a distance equal to 186,000,000 of miles. But, as 
we have stated, it really makes no appreciable diflTerence, and 
ibr this reason, — that the celestial sphere, or spherical surface 
upon which the poles are located, is imagined to be so immensely 
distant, that the whole area of the Earth's orbit, stretching 
across a space whose diameter is not far short of two hundred 
millions of miles, is as a point, or as notliing, in comparisoa 
with the distance to that sphere. 

It is therefore lmi>ussible to distinguish between the inter- 
sections of the prolongation of the Earth's axis with the far- 
difltaut celestial sphere, at any two given dates, while the 
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Earth keeps travelling ODWards in its orbit, aatl at die i 
time maintains the direction of that axis (except so far »l 
slight effects of precession and nutatiun are concfniB]) 
stantly parallel to itself. It is for a ttiniilar. reason th«* 
two rows of trees in a very long straig^Iit avenue seem to 
in the extreme distance ; or, to use the lan^raag'e of 
that parallel lines may equally well be said, either 
meet, or only to meet at infinity. 

It may consequently, we think, be nnderstood, (hat lU * 
year round the pole of the heavens wotUd appear to a 
at the pole of the Earth to be immediately above him, 
in position by the orbital motion of tlie Earth. If, 
the pole star were exactly at the pole, insteaJ of being 
1^° from it, its place would always be exactly in his .snifiL k 




the same way an observer upon the Earth's equator, 
zenith lies in a direction perpendicular to the Earth's aut' 
at an angle of 90° from it), sees the poles of the hettTeBi,il 
the year through, 90° from the point of the celestial spb* 
immediately above him ; i.e. he sees them (approximatdi)i 
his horizon, their }>osition8 respectively corresponding M* 
north and south points. This is illustrated iu Fig. L, 9 
which z is the zenith, e the observer's place upon the eqatft 
N and B the north and south points of the horisoo, n andfd 
poles of the Earth. 

The only difficulty which the above figure really involni' 
this; — that the horizon-plane shown in it is supposed to ft 
through the Earth's centre, instead of being drawn (in uxfd 
ance with the most usual acceptation of the word) as a nanD 
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p]aae touching the Earth at e, the place of observation. We 
are glad, therefore, of the opportuuity which this diagram thus 
affords us, to mention that the former plane is technically 
terme<l that of the rational horizon, the latter that of the 
aemible horizon. Although, however, this difference exists, we 
most remember that we have shown in our previous explanation 
of the position of the poles of the heavens, that we may 
consider tliem to be so almost infinitely distant, that the 
whole area of the Earth's orbit may be considered to be a 
mere point. We are, therefore, atill more jnstified in treating 
the Earth itself as if it were a point in comparison with the 
radius of the celestial sphere. If we do so, the two planes in 
qnestioQ at once become coincident, and the difficulty, which 
might otherwise be seen in the diagram, disappears. 

In fact, the difiference of the rational and sensible horizons 
need only be regarded when we are concerned with the obser- 
vatiou of those few of the heavenly bodies, such as the Moon, 
the Planets, or the Snn, which are sufficiently ni-ar to the 
Earth for its size to be in some degree comparable with their 
distances from it. We do not propose to explain the way in 
which a slight allowance is made in such cases, according 
to which of the two above-mentioned horizons is used in any 
given observation, although the (;x()Iauation really involves 
no practical difficulty. It suffices for our present purpose 
that we are justified in making the statement, that either 
pole of the heavens would be seen vertically overhead all the 
year round, by an observer at the correMjiODding pole of the 
Earth ; and that it would in like manner be approximately 
Been in the horizon by an observer situated upon the Earth's 
equator. 

The next point to be noticed with regard to the position 
in which the pole of the heavens appears, when seen from 
other jilaces upon either hemisphere of the Earth, is, — that, 
from any intermediate locality between the equator and one 
of the Earth's poles, the celestial i>ole is seen in a corre- 
sponding and intermediate position between the observer's 
horizon and his zenith. If we travel northwards from the 
equator, the north pole of the sky gradually rises higher 
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above the horizon as we increase our nortli latitude ; if 
eoathwards, the same is the case with the celestial south 
pole as we increase our eolith latitude. And the rate at 
which the elcTation of the pole takes place exactly corre- 
Bponds with the change of an observer's latitude, so that, in 
either hemisphere, the rule to find its position is this : — Look 
at a )x>int whose altitude above the north point of the borizoa 
in the northern hemisphere, or above its south point in the 
southern hemisphere, is measured by the number of degrees la 
the latitude of the place of observation ; you will then look in 
the direction of the corresponding celestial pole. 

Tliis rule is generally expressed in the following brief form: 
T/ic apparent altitude of the pole of the heavens ia equal to 




Fig. IJ— The 



the tm-reatrial latitude of an}f given place. It may also easily 
be understood that this law would bring the pole Xo the 
observer's isenith, or 110° above his horizon (as we have pn^ 
viously shown ought to be the ease), by the time that he 
would reach one of the poles of the Earth, or a latitude 
of 90". 

Fig. LI. illustrates the application of the above rule to a 
place situated in about 50° of north latitude. 

In the above figure, o is the observer's position; z his iseuithj 
11 and s the poles of the Earth, and eq its equator ; k and s 
t)ie north and south points of the horizon ; p the north pole 
of the heavens. It i» not difficult to see that the angle 
between the two straight lines drawn from n and i' to the centre 
of the Earth {which is measured by the arc kp); i.e. the alti- 
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tnde of the celestial pole is equal to that between two others 
respectively peq»eii(liciilar to these two,* viz., those drawn from 
o and e to the Earth's centre, the angle between which is 
measnred upon the Earth by the arc eo, i,e. by the observer's 
terrestrial latitude; — in other words, the rule given above 
holds good, that the altitude of the pole of the heavens, as 
seen from any place, is equal to the latitude of that place. 

Having premised thus much, we may now he able to cou- 
aider what the apparent daily motion of the Sno will he, as 
seen from any given place, at any given time. Owing to the 
diurnal rotation of the Earth upon its axis, which is from west 
to east, it will, of course, appear to describe a circle, daring 
each day, around the pole of the heavens from east to west. 
And as we have shown where that pole will be seen, the ouly 
remaining question that we now need to ask is, how far from 
it will the Sun he on any given day ? Tliat distance will then 
decide the size and position of the diurnal circle which the 
Son will appear to describe. 

But the tilt, or inclination of the Earth's axis, is at an angle 
of 23J° from a direction perpendicular to the plane of the 
ecliptic in which the Earth performs its journey round the Snn. 
It is not, therefore, difficult to ])erceive, from the diagram in 
Fig. XLVII., that, at the time of the summer solstice of either 
hemisphere, when the pole of that hemisiihere is tilted towards 
the Sun, the angular distance from it at which the Sun will be 
, seen will be 23^° less than a right angle, i.e. 66i° (a right angle 
I being measured by 90° out of the 36(1' into which the whole 
[ circumference of the heavens is uaoally divided). In like mau- 
■ ner, at the winter solstice of either hemisphere, it may be equally 
* This statement, that the nngle between any two xtraight tinea is eqnal 
to that between two others respectively perpendicular lo them, in, of 
'• coarse, always true ; and not only in the above special instance. The 
unmathematical reader may easily convince himself that it is so, by dntw- 
f ing diagnuni of a few particular casef,and measuring the angles involved ; 
f or he may take two straight lines inclined at any angle, and first suppose 
f one of them, and then the other, to revolve through a right nngle, in 
k the same direction ; when it will be evident that the angle between them 
must be the same as before, aitboogh each occupies a position perpen- 
dicular to that in which it was originally placed. 
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well perceival, in Fig.XLVIII., that the angnlar distance of the 
Snn from the correspondiug pole will be 2:iJ° added to 90°, or 
113^°. It also follows, that the polar distance of the Son at 
the equinoxes, wliich occtir just half-way between the solstices, 
will be half-way between these two values, i,e., exactly 90°. 

Bemembering this, let ns first of all take the case of 
an observer supposed to he at the north pole of the Earth, and 
see what will be the effect during the year of these varj'ing 
distances of the Sun from the north pole of his heavens. That 
pole (as we have previously explained) will always be vertically 
over hia head, 90" from the horizon. On the day of the summer 
solstice the Sun, being only 66i' from the pole, must attain to 
an elevation of 23J° above the horizon. It would therefore go 
round, dnring the day, exactly in a horizontal circle, were it 
not that, directly it has thus attained its shortest a])pareQt dis- 
tance from the pole, it begins to increase it again, in couse- 
qaence of the Earth's continuous orbital motion. It will 
therefore really appear, day after day, to describe a spiral, the 
successive loops of which will be very nearly horizontal, until, 
at the end of six months, on one particular day (viz., that of 
the equinox) when its apparent distance from the jiole becomes 
equal to Bff^, its centre will travel almost exactly round the 
horizon. After this, the Snn will very soon altogether dis- 
appear below the horizon, and remain unseen daring the next 
half-year. 

To an observer travelling southwards from the north pole, 
the Sun's daily path would become more and more tilted from 
a horizontal direction, owing to the position of the pole, rooud 
which it daily appears to revolve, being (as we have expluned) 
gradually lowered ; until at the Arctic Circle there would only 
be one day in the year, viz., that of the summer solstice, in 
which it would just escape passing below the horizon. On 
that one day, as is shown in Fig. LII., the distance of the Son 
from the pole being 66^°, and the distance of the pole above 
the north point of the horizon being also OOJ", the Sun at 
midnight wotdd just graze the horizon. 

On the other hand, at the equator, the poles of the heavens 
heaag in the horizon, and the polar axis being horizontal, the 
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Sail's daily path aronnd eitlier pole, as is shown ia Fig. LIIL, 
will always be vertical. The Sno will rise at r (dne east), 
and set at w (due west), on the daya of the two eqoinoxes, 
owing to its distance of 90° from either pole being then the 
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same as the distances of the points e and w, wliich are 
half-way between the poles, or W from either of them. It will 
alflo, on the same days, be vertically overhead at noon, since the 
Benith, z, is also 90" from the poles. In fact, its path will be 




rik-. Liii - 

in the circle ¥./.\v. Bnt before, or after, those dates, it will 
cross the horizon, in rising and setting, to the north or soath 
of east and west reapectivt-ly! and it will cross the niendtan at 
of the zenith, o' oiahftA^ 
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or increased, distance from the celestial pole ; it8 extreme 
positions being attained on the days of the soleticea; npoo 
one of which (in December) its distance from the north pole 
of the heavens is (as we have previously mentioned) USJ', 
while upon the other (in June) ' its distance is only 66^°. Its 
dinmal path apon the day of the December solstice is therefore 
represented by the curve i>k'c; and upon the day of the June 
solstice by the curve jvn. 

If, instead of the poles being supposed to be in the horizon, 
as in the above figure, the nort/i pole be supposed to l« 
elevated to a moderate extent above it, and the south pole 
to be equally depressed below it, as would be the case for 
a place situated between the equator and the Tropic of Cancer 
(for which the elevation of the [lole, being equal to the latitude 
of the place, would be less than 23J°), it is not diificiilt U> 
understand tliat a somewhat similar figure would apply. The 
Sun's path would not be quite vertical, as in Fig. LIII.; 
but it would pass through the zenith, so (hat the Sun 
would be vertieally overhead at noon, on tieo days in each 
year, when its angular distance from the north jtole woold be 
equal to the distance of that }>ole from z. Indeed, for any 
such place this latter distance must be between OCJ° ami 90"; 
and the Sun's north polar distance diminishing from 00° at 
the equinox to 66^"^ on the day of the June solstice, it is a 
necessity of the case, that on some day before that solstice, and 
at an eqtml interval after it, the two must be equal to one 
another ; from which it would result, that the Sun would pasa 
through I at noon, In the interval l>etween these two datea 
it is also evident, since the Snn's angular distance from the 
north pole woold be less than that of z, that it wonld cross the 
meridian (e'zu in the above figure) to the right of z, or on 
the opposite side of it to that upon which it would pass 
during the rest of the year. It may in like manner be seen 
that a similar efiect, relatively to the south pole, wonld occur 
for places situated lietween the equator and the Tropic of 
Capricorn, by supposing the south i»ole to be elevated above 



• The respective dates at preKnt are June Zlst oi 
"Itt or 22nd. 
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the horizon to a distance not exceeding 23^° in a figure similar 
to Fig. LIU.- 

In neither case must it, however, be sopposed that the 
temperature of the season would necessarily be lowered between 
the two dates in question. IL is no doubt true that, during 
the first half of the interval between them, the Sun would 
fidl increasingly short of being vertically overhead at noon, 
until, after the occurrence of the solstice, it would begin to 
draw nearer to the zenith again. But it mnst be remembered 
that, at the same time, the dnration of daylight would increase 
up to the date of the solstice, in consequence of which the heat 
might upon the whole become greater. 

The above explanation, at any rate, shows that it is not quite 
correct to say (as is sometimes done) that, in such inter- 
tropical localities, there are two summers in each year, but 
rather that there are two epochs at which the Sun is cerli- 
ealli/ overhead at noon. It will also be evident, if such figures 
as we have suggested be drawn, that, at those dates, the Sun 
rises and sets at points of the horizon somewhat to the 
north of east and west respectively, as seen from a place 
between the equator and the Tropic of Cancer ; and somewhat 
to the south of east and west respectively, as seen from one 
I which is between the equator and the Tropic of Capricorn ; 
I while on the days of the equinoxes, when it rises and sets due 
I east and west, it crosses the meridians of two such places 
I respectively south and north of the zenith, because its equi- 
I noctial distance of 00° from the pole is then greater than the 
( distance from the pole to the zenith. 

) Such are the principal peculiarities in the Sun's diurnal 
t path produced by a change in an observer's latitude, or by the 
I effect of the inclination of the Earth's axis in different posi- 
I tions of the Earth in its annual orbit. We have endeavoured 
I to present, in as clear a form as possible, the explanation of 
I them which is usually given. Bnt it must be confessed, that, 

* If the place of observation be exactly apoii either tropic, the diiitance 
of the corregpODding pole from z will of course be exactly trS}'^, and 
there will be only one day, vie, the dttj of the correspondiDg Koliitiue, 
apon irhJch the Stm will p&M through the aenith. 
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in order to the thorotigli onderstandiDg of the matter, no 
diagrams or words can be so effective an some simple model 
or ajtparattis,* bv which the movements in qnestion may be 
grapbically represented. 

Many other very interesting phenomena, to which we can 
only allude in passing, are closely connected with that recor- 
reoce of the seasons which we have thns described. Amongst 
these, the trade winds deserve especial mention : as also the 
existence of the neutral zone, between them, commonly calleil 
the Doldrums ; and the shifting, to a certain extent, of the trade 
winds, which corrc3]M)nds to the Sun's alternate passage to the 
north or soath of the equator. Then again the monsoons, in- 
duced, when the Sun thns passes northwards, by the highly 
heated condition of tlie African deserts : — the <leacending 
currents, north and south of the regions of the trade winds, 
of the air which has risen with an augmented temperature over 
the equator, and has been cooled at higher altitudes : — the 
east wiuds which vex England in spring, and arise from the 
excess of the heat of the Atlantic Ocean over that of the central 
parts of the continent of Europe, which causes the air above 
that ocean to ascend, and to be replaced by a colder indraft 
from Russia : — are all related to the recurrence of the seasons. 

To a similar cause many great ocean currents may also be 
attributed ; amongst which we may name the mighty volmne 
of the great Gulf Stream, to whose far-reaching warmth our 
own climate is doubtless much iudebteil ; and, by way of 
contrast, the frigid current which gives an almost arctic cha- 
racter to the climate of Labrador ; — a current which, flowing 
southwards in the depths of the ocean from the neighbonrhood 
of the north pole, gradually obtains, after the manner of the 
trade winds, a certain amount of relative motion towards the 
west (owing to the more rapid eastward motion of the parts to 
which it travels), so that it impinges vigorously against that 
rocky coast, and, as it surges up, cools the surface of the 
surrouudiug sea. 

But a more interesting question than any other which is 

* Wlieu Ihix lecture was delivered at Oreshnm Coltege it waa iUai- 
trated by modeli tipeciall}' cctiiitniot«d tor the parpoa^' 
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connected with the Beasons and climateB of the Earth, ia that 
which has become so well kuowu through its elaborate dis- 
cQSsion in Dr. Croll's learned work, " Climate and Time." 

When we go back in thought to ages long past ; when we 
investigate the stratification of the Earth's rocks, and study 
the revelations of geology; we find the Earth's climatin zones 
have been far from constant. At one time, for instance, there 
is evepj' proof, in the fauna and fossil remains that have been 
fonnd, that England had a climate similar to that of the torrid 
zone. If so, the first idea suggested by such a discoverj" might 
perhaps be, that, at such a time, the Earth had not cooled 
down to its jireaent condition, bnt was altogether hotter than it 
now is ; in fact, that the temperature of even/ climatic zone 
was intensified by the Earth's internal heat. 

But such ii hypothesis cannot for a moment be maintained. 
For we have the strongest evidence that such periods of greatly 
iDcreased heat aUemated, from time to time, with wliat are 
termed Glacial Epochs, in which the whole of the British 
Isles were covered to a great depth with solid ice ; so that they 
were, in fact, in much the same condition as that in which 
Greealftnd is at present. We are, therefore, at once tempted 
to inquire, — What other cauBe or causes could have brought 
about so remarkable a result ? 

Our Sun being doubtless a periodical star to a slight extent, 
Le., so far as tlie occurrence of sun-spots is concerned, we may 
ask, — Can its periodicity ever have been sufficient to have 
produced such epochs ? But we are forced to answer that 
there is no evidence to justify such a supposition, 

We must consequently look to some cause connected with 
the Earth itself, with its movements, or with its orbit, or with 
the inclination of its axis to the plane of the ecliptic, for the 
origin of the phenomena in question. 

Now, it is undonbtedly the case, that the united effect of the 
attraction of the other planets changes the inclination of the 
Earth's axis to the plane of the ecliptic by about 3^" in the 
course of every ten thousand years ; its present value of 66J° 
being very nearly the mean of its greatest and least values. 
It is also true, that the smaller this value the greater would. \» 
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It is purely from so aetroDoaikal p<Hnt of riew that we widi 
to refer to Dr. Oroll's tbeorr, especially as we beliere that its 
importaoce may be decidedly iocreased, if it should be jxtssible 
absolntely to prove that glaci&l epochs have WX only alternated 
with tropical epochs, bnt that the occarreoce of the oae epodi 
io a given hemisphere has corregponded to the ixx^tureace of 
the other in the opposite halt of the globe. 

Dr. Croll snggeBU that t)ie caase of the occarreoce of theao 
epochs ia to be foimd in an Bccnmnlative result, produced hy 
a small change in the oealnesa, or eceentrieity, of the Garth's 
orbit ; which change, althongh very slow, coDtiDiies in the 
same direction for veiy lon^ intervals of time, and arises fVom 
the tmited effect of the attractions of all the other planets. At 
pmcpt, as we liave explained iu Lecture V., the Earth's orbit 
ia M ellipse which differs bat little from a circle, it« nit^or axis 
" Hm '■ CUmale tuid Time," pp. 3'J8 ri teq 
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btiiDg about 180,000,000 miles m leugtli. The eccentricity, or 
uvaloess, of this ellipse is represented by •016, or very nearly 
by the fraction gV ; which means that the Sun is j'^*''' P^*' "f 
the way from its centre to its circumference, measured along 
its principal diameter ; in other words, that the Sun is abont 
1,500,IW-I0 miles from the centre of the curve. 

Tlie Earth is, therefore, at present, at the time of mid-winier 
in our hemisphere, very nearly 3,000,000 miles nearer to the 
Sun than it is when in the opposite part of its orbit. 
Moreover, it is generally considered that, at a given latitude, 
winter is colder in the southern than in the northern hemi- 
sphere, and summer cooler in the northern than in the southern 
hemisphere ; Le., it seems as if the greater proximity of the 
Sua mitigates onr winters, and intensifies the southern sum- 
mers. There may be some who will at once say : " Of course, 
this result might naturally be expected." But the connection 
of cause and effect is not in this instance as obvious as it might 
at first appear to be. For it also happens (see Lecture V,, 
page 121) that the Earth travels at its highest speed when it 
is at its nearest to the Sun. It therefore gets through the 
most favourable part of its orbit for receiving heat most 
rapidly ; in fact, it moves, upon the whole, just ao much the 
more slowly at one time than at another, that it receives 
altogether an exactly equal amount of solar heat in each half 
of its yearly course. 

Nevertheless, as we have stated, observation appears to 
indicate that the more intense heat of the southern summer in 
some way fails to make up, in its effect upon the climate, for 
the more intense cold of tlie southern winter. And we believe 
the priucijial reason of this is, that, when snow is deposited 
and formed into ice, as it is in an arctic winter, the quantity of 
Solar heat which, nnder the actual climatic conditions involved, 
is required to remove it, is mnch greater than would be the 
case if it could be applied under more favourable circimistances. 
For the heat of the summer, as it shines upon the frozen aur- 
iace, raises fogs which hinder its own action, while it is engaged 
in dispersing the ice by changing it from a solid to a liquid, 
or vaporous, state. Over the equatoreal regions the same beat 
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* B7 Cqrtua Mtfkhain (KOond in coQUnjud of Sir G. Nana' expedi- 
tion), and Lientaoant Pan, in 1BT6. 
t B7 Sir J. C. Son, in tbe expediucn of 1S39-43. 
X Bona adfiDooal nlaaa an given in Beckett'* "Astrononty wilfcoat 
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Much frtlJer tables, exteuding to 3,000,000 years of jiast time 
and 1,000,000 years of future time, with diagrams of illustrative 
cnrvea, arc to be foand in Dr. CroU's treatise. It is there 
shown that there have been varions intermediate and minor 
oscillations of valne, and that more than a million years ago 
the eccentricity was occasionally reduced to so small a valne, 
that it was only eiinal to J, or J, or even J of the smallest 
value, "OlOQ, mentioned above. But the most interesting 
point ta be noticed is, that during a period of some 200,000 
years, from about 100,000 to abotit 300,000 years ago, it 
maintained an exceptionally large value ; and that about the 
middle of that period it reached a maximum value of -0575. 

It is also of great importance to remember that, if the eccen- 
tricity remained mialtered (whatever its value might be), the 
northern and southern hemispheres would interchange any 
effect produced by it every 10,500 years. We cannot go into 
the proofs of this last statement, which indicate that the pre- 
cession of the equinoxes, in consequence of its period being 
26,000 years, would produce such an alternation of effect once 
in each 13,000 years, were it not for a modification caused by a 
movement of the perilielion of the Earth's orbit, which reduces 
the 13,000 years to 10,500. The result, however, is, that about 
10,000 years ago, the summer of the southern hemisphere 
(instead of, as at the present time, that of the northern hemi- 
sphere) must have occurred when the Earth was in that part 
of its orbit in which it is at its nearest to the Sun, and that the 
same will be the case about 10,000 years hence. As far as this 
precessional effect is concerned, there might consequently result 
at such intervals, even with the present value of the eccentricity, 
an increased accumulation of snow and ice in the northern hemi- 
sphere, stmUar to that which at present exists in the southern 
hemisphere. 

But during the period of great eccentricity, which, as we have 
stated, appears to have lasted from about 10tl,00l"l to 300,000 

MathemnticB,'' p. 51, where the whole question m very ably diecuased. 
There is also an interesting table of the [inat and future eccentricitieB 
of the orbits of Mara. Merotiry, and Venus, as well as of that of the 
Earth, in Lardner'a " Aitronomy," edited by Dankin. article 1%&«.. 
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^^M years ago, we miiy euppOBe that the same alternate eSvci in 

^^M the. two heDite]>heres must have been of very much greater 

^^M iiit«nflity. It has, indeed, been estimated by Dr. Croll, thai 

^^M the conaequent diminution of the winter temperature, wheo thr 

^^P eccentricity was at a maximum, about 200,000 years ago. mas 

^^ have amounted to 73 degrees Fahrenheit below its preeeU 

average value in our temperate regions.* Instead of tlw 

Earth's distance from the Sun varying at opi>osite seasons of 

the year by 3,fKK),000 miles, it would then have varied by 

10,500,000; and the winter of one hemisphere, instead of being, 

as at present, about one week longer than that of the other, or 

than its own summer, would have been nearly a whole month 

longer. 

It may therefore be considered verj- probable that, under 
such circumstances, glacial epochs would occur, first in one 
half of the world, and then in the other; with intervals of about 
10,500 years between their respective maxima in either hemi- 
sphere. And <luring a [leriod of 200,000 years, about ten maj 
have occurred in each hemisphere, some more iuteose than 
others, according to the value of the eccentricity of the oriit 
for the time being ; whilst, iu alternation with them, a dimatt 
of a tropical nature may have extended, first in one and the* 
in the other hemisphere, to a much greater distance frum the 
er^uator than at present. 

Although it must be allowed that some of the argomentB MXl 
conclusious, which we have thus quoted, have been more or leoB 
disputed, we believe that no one cau deny that they deserve the 
fullest consideration, or that they afford a most excellent example 
of the importance of the results which may follow in all Mtn>> 
nomical investigations, from causes apparently most tri%-ialt 
the whole question depending upon an eccentricity which, it 
the highest value. — nz., •or>75, — involved in our discosaioBr 
would only jiroduce a diflference of less than 300,000 mOu 
Iietween the m^or and minor axes of the earth's orbiU 

It may be some comfort to oar readers to kuow that 
glacial epoch of such a description is likely to occur again foe 

* The oatline of ihe (.nlculatioo involved u ijaohid luid explained a 
"Astronomy without HatheniBtics,'' p- 5:' 
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a very long time to come. The ovaluess of tUe Earth's orbit, 
npon the increase of which the effect in qnestion depends, is 
BOW steadily diminishing, and will continue to do so until aboat 
25,000 years hence. It will then begin to increase again, untQ 
in 50,0(X) years' time it will have abont the same valne as at 
present; and it will not exceed that vafne, except very slightly, 
for 100,000 years to come. 

Next to the shape of the Earth's orbit, and its effects, in 
combination with the inclination of the Earth's axis, npon the 
climate of the varions regions of its surface, ]ierhap8 the most 
important question to be discussed is. — What is the Earth's size 
and shape ? We need not here descant npon the proofs ordinarily 
given that its shape is very nearly s[iherical, as it may be sup- 
posed that almost every child at school in these days is tanghti 
that the way in which the distance of the horizon is increased 
as the mast of a ship at sea is ascended, while it retains a 
circular boandary line ; the disappearance, as one ship sails 
away from another, first of its hull, then of the lower masts, 
and finally of the highest rigging; the shape of the shadow of 
the Earth upon the Moon in a Lunar eclipse; — all prove the 
Earth to be approximately a sphere. Experiments made with 
a spirit-level upon the surface of an extended exiianse of still 
water, which show a fall of abont eight inches in a mile,, 
indicate the same fact. Nor is it difficult by actual measnre- 
ment also to obtun a somewhat rough approximation to the 
Earth's size. 

But if the astronomer is to make reliable observations, he 
needs to find out much more than this. It is always funda- 
mentally important to know, not only the exact instant at 
which any observation is made, hut also the exact locality of 
the observer who makes it; and this involves an extremely 
accurate acquaintance witli the sixe and shajie of the Earth upon 
which he is placed. We may know where the Earth is in its 
orbit at the moment in question, but this is not enough; we 
also need to know the precise ])oint of space to which the 
observer is brought by his position npon it. In order to ascer- 
tain this, long and elaborate measurements of the distances 
between selected points upon the Earth's surface mjia\, \w: 
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made, conjointly with deti^nninations of the directions in which 
given stars are seen from them. Observations of the attractive 
force of the Earth upon bodies on its surface are also very 
useful and important. We will endeavour to give some slight 
idea of the way in which these various kinds of observatiou 
are atilizeJ. 

As the first atep in the operation, it is not very difficult to 
discover that the Earth's form, although not precisely spherical, 
is very nearly that of a surface of revolution, i.e., that it is 
symmetrical with respect to an axis passing through 
north and south poles. In travelling along the equator, it il 
found, by observations made witli a pendulum, or by some 




Fig. LIV.— Bhoi 



other means, that the attraction of the Earth does not vaiy. 
It conse(iHently follows that every point of the equator moat 
be very nearly at exactly the same distance from the Earth*! 
centre, or, in other words, that the equator is a circle. In like 
manner it may be proved that other parallels of latitude «a 
also circles. This indicates that the Earth's forni is Bach 
would be generated by some curved figure revolving round 
axis. But the next question is : — What must be the shape tl 
this curve ? If it be a circle, the Earth will be a sphere. If 
an ellipst, the Earth will be what is called a spAermd. 
the diameter (pp') about which the ellipse revolves be tlN 
longer, the shape of the spheroid will be that of a sphere wiA 
matter added near the poles, as in the right-hand drawing is 
~'\g. LIV. ; if Pp*, as in the left-liaud drawing, be the shorbf 
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diameter, the shape will be that of a sphere with matt«r added 
near to the equator. 

How are we to decide which of these two caseB correspoads 
with the reality ? We can do ao by measuremeDts made upon 
a line drawn upon the Earth due north or south from the 
equator to a pole. If the earth were a sphere, this line would 
be a quarter of a circle, and would subtt^nd at the centre o, 
an angle of flO" of latitude. And if it were divided into 
equal partw, such as ab, bc. i-d, etc. (see Fig. LV.), each of 
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them would snbtend at o, an equal angle ; while the straight 
lines joining o to a, b, c, d, etc,, would all be perpendicular to 
the surface at the points where they would meet it ; in other 
words, the direction of a plnmb-liue, or of the vertical to the 
BOrface, at each of them, would pass through the centre of the 
Earth. 

Now it is easy to know when we have gone a distance cor- 
responding to any given number of degrees of latitude, e.ff. 15°, 
I by noticing the successive jMisitious a, b, <:, n, etc., at which 
I the direction of some particular star is found to have changed 
by 1^^ when compared with that of a plumb-luie. Whw] 
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iuticrrtaat nof^tioa — whether its period of rotation tqioa ib 
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LECTURE IX. 

THE EARTH (continued), 

*• That spinning 8lce]>s 
Oil her soft axle as she paces even. 
And bears us swiftly with the smooth air along." — Milton. 

We have already several times spoken of the Earth's polar 
axis as that about which it rotates. It may perhaps be 
thought that it is hardly necessary to offer to a contemplative 
mind any proof that the Earth really possesses such a rotation, 
in addition to that weighty testimony which is afforded by the 
apparent daily motion of the stars, and of all the other heavenly 
bodies, around an axis passing through the north and south 
poles of the sky. When we consider the enormous distances 
of the stars, and the consequent enormity of the supposition 
of their all going round the Earth once in every twenty-four 
hours, as the ancient astronomers (who really knew nothing 
about those distances) supposed ; and when we contrast with 
this the beautiful simplicity of the supposition that all these 
immense movements are only apparent, and are caused by 
the one simple fact that the Earth rotates day by day 
upon its axis, we can hardly escape the conviction (as we 
have more fully explained in Lecture V.) that this is the 
true explanation. 

But proofs actual and positive may be asked for ; and such 
can be given. For instance, if the Earth be revolving on its 
axis, the top of a high tower, being further from that axis 
than its base, must describe a longer circumference as it is 
whirled round from west to east ; and must consequently 
possess a more rapid eastward motion. If a body be l^t i<^ 
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from the top, it vili titeniam hare th^ gremter TdodtT of 
the pcaot wfakh H leans, and will not &I1 amctiy TnOcsUr, 
but a tittle to the fut of t^ foot of the tower. 

Ihe abore experitnnit. ori^ioallj soggtated br 8ir Isaac 
KeirtoD, A.D. 1671^. was fiist made in that jear br Dc 
of Obssbas Collbcb. Ibe balls wrc, li owei ei, 
ftoa BO laiall a hdgfit — S7 bet — that as;' »ffanat 
•otiecd WW* jHohabij produced br other eames. Is 
and 1793 the Italtaa philosc^ber Go^lidmtiu lex hll a 
of balls from the Asioelli Toirer at Bologna. Hie; ^K^rmuM 
through 267 English feet, and exhflntcd a deriatioct, whiA 
was, npoD the whole, in the right direcCioo ; bat vanoo* 
precaotiooe. which had not lieen taken, were fixind to be nece*- 
aorjr in order to eostue a more accutate residL In 1802 Dr. 
Benxenbeig therefore repeated the experitoent at St. Vicfaad's 
tower in Hambnig, from a height of 250 feet, when th« 
obaerred deriatioD towards the east proved to be '35d of u 
inch. This was in remarkably close agreement with -342 iadi, 
the value calculated by theory. 

For a similar reason a body dropped over the centre of a 
Tery deep and vertical shaft will not be foand to fidl qoite 
vertically, bat will show a slight tendency towards the nu( ; 
so that, if the shaft be deep enoogh. it will at last come ia 
contact with its side. This has been satisfactorily tested both 
by the above-mentioned Dr. Benzenberg iii the shaft of a mine 
279 feet dee)i at Schlebnsch in Westphalia, and still more 
SBCcesefhlly by Professor Reich in the year ls31 ia the »haft 
of a miue near Freiberg. In the latti^r case the distance fallea 
was 520 feet, ami a de^-iation of 1*1 inch was observed, tfaa 
calcnlated valae being I'USO inch.' 

Snch experiments are, however, hardly quite so concloatve 
as might be n'ished, owing to their ver}' delicate character, 
the eniallness of the deviations which have to be measiiied, 
aud the difficulty of making accurate allowance for the dt»> 

* Sm "The EArth and iu Mt^hsaism," bj H«DtT WoRu, 
poMuhed in 1862, cli&p. v, ; in which, however, it is to be 
(he dut«ic«« are given ia Fn^ooh feet, each of which 
^'^ift' iochw. 
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tiirbiug nctiun of cnrrents in tlie surrounding air, which more 
or less affwt the raotiou of the falling bodies. 

More interest in consequently attached to an ex]iei'iment 
with a (>euduluin, whii^h was, for the first time, pei-formwi by 
Fouoinlt in ls.jl. The principle involved in it is as follows : — 
If a heavy [leuduluni, or weight, ronld be suspended over the 
]iole of the Earth, by a long fiat" wire, and be carefully set 
swinging, it may easily be understood that, once in every 
twenty-four hoars, if the motion could go on undisturbed for ao 
long, the ground woidd describe a complete rotation beneath 
it. To a spectator, unconscious of this movement, it would 
therefore seem as if the iiiane of oscillation of the weight were 
gradually rotated from east to west, as is indicated in Fig. LVI.; 
in which it may be observed that the pendulum is started by 
the burning of a thread by which it is previously held biwk, 
ao as to prevent, as far as possible, the slightest lateral twist 
or tension from beiog given to it. The upper end of the wire 
is also so suspended, that no movement of the point of suspen- 
sion, caused by the Earth's rotation, can affect the plane of 
motion of the heavy bob at the other end. Couaeipieotly, at 
the pole of the Earth, as above stated, the ground would 
appear to turn round beneath the bob with the whole angular 
velocity of the Earth's rotation. In three hours, as is partly 
indicated by the figures 1, 2, 3, ot«„ in the diagram, the 
direction of the oscillation would seem to have travelled one- 
eighth of the way round the whole circumference of the plat- 
form shown in the figure ; in six hours round one-fourth ; in 
twelve hours the jiendulum (if it still continued swinging) 
would oscillate across the same line as at first, but in exactly 
the reverse direction, and so on. 

It is not, however, difficult to perceive, that, if the same 
experiment were made at a place situated upon the equator, no 
such effect would be produced. At the pole, the point of sus- 
pension, being in the prolongation of the Earth's axis, is not 
carried round by the Earth's rotation : but, at the equator, it 
would be carried i-onnd the Earth's axis e(|nally with the 
surface of the ground beneath it, and the ]H?ndulnm would 
therefore continue to oscillate in any given vertical ^lUae. xa. 




PlB. LVI.— Foowult'8 pendulum 
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wWu'h it might he st«rtH ; nr, tn Hpejik mnn> simply, the bob 
would coiitimu' Uf niovi- Ixickwanls «nd forwards over any 
•jiveu line, t.liroiigh t.li« n'Otre of the plairorm, over whirh it 
might at first Iipgiii lo move. An ntt/'mjit i« miule ia the 
follnwinw little dingmm to imlieale by arrows the cnatraat 
betweeL tlie two caaes, the left-baud druwiiig in Fig. LVII. 
representing what would liappea at the north or south pole ; 
while the right hand drawing shows (as we have stat^^d) that, 
at the equator, the platform would not appear to turn round 
beneath s, the {Kiiut of enapension, at all. Id the right hand 
drawing it may be noticed that the pendulum is sujjposed to 
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tip.' 
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KquMor respecllvel)'. 

wliich case it is perhaps most easy to realize the apparent 
immobility of its direction of oscillation. But it may be 
shown that the result will be the same for any plane, in which 
it may be started, at a jilace situated upon the equator. 

Id any intermerliate locality of north or south latitude, it 
is more ditlicult to realize what will take place, inasmuch as 
the problem involves a somewhat clear apiireelation of the 
effect of the resolution of a force into its components. It 
seems, however, very rca-wnable to suppose that the effect 
produced will be of an intermediate character ; that the 
ground will, in fact, ajipear to turn round under the pendulum 
to some extent, but at a rate which ia less than once in twenty- 
four hours. And it may be calculated that the apparent speed 
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of ttR rotfttion will depend, according to a. certsin forninia, n]MUi 
the fiititiidc iiFtlie pliire ii("eN|ieriiin'nt. When the exiieriment 
IB imiperly condiictoi, as if. was at the PautheOD Jn Paris in 
1851, and subsequently at King's College, London, in I8r»»/ 
the calculated value is fonnd to be In exact agreement with 
that observed, and a very satisfaetory proof of the Earth's 
rotation is obtained. 

Another experimental demonstration of the diuroBl rotation 
of the Earth is afforded by a remarkable instrnment whioh is 
called a gyroscope. Tlie action of this instrument depends 
upon tlie fiift that a heavy metal disc, made to revolve with 
extremis rapidity in its own jilane, is with ditficulty disturbed 
from that plane of motion. Such a disc, thns revolving, if 
suitably supported n]ijn an axis, which is connected with a 
series of supports and pivots arranged in such a manner that 
it can, withont any appreciable friction, easily move in every 
direction, will therefore maintain a Jixed position in space; 
or, in other words, will keep its own plane of rotation 
unaltered, notwithstanding any change of position which the 
rotation of the earth may communicate to the place of obser- 
vation at which it may be. 

This being the case, if we set our disc in movement, and 
then look at a star along a telescope which is nrmnged so as 
to be perpendicular to the revolving disc, the star will appear 
to remain still so long aa a sufficiently rapid revolution \t 
maintained ; but as the revolution of the disc slackens the star 
will begin to move across the field of view of the telescope, in 
consequence of the movement of the telesco|)e canae^l by the 

I rotation of the Earth. A similar eflect may be observed by 

^^^ watching a long pointer connected with the disc. If a 

^^M grwluated scale be suitably ]ilaced, the rotation of the Earth 

^^H will move the scale beneath the pointer ; the pointer remaining 

^^H fixed in space so long as the revolution of the gyroscojie ia 

^^1 ke])I u]). By eitlier of these methods the rotation of the Sarth 

^^1 may be made evident, in contrast with the fixity in BpalN^ of 

^^1 the plane of the rapidly revolving disc, 

^^H Anotlier and a somewhat curions effect of the £artfa'a 

^^1 * Sm " The Enrth uid it* Mecbaninn," hy Hetirj' Worms, p. I IS. 

^ . 
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rotation is, that it affei'ts the weights of bodies according to 
the latitude in which they are weighed. This result depends 
upon what is popularly, hut not very accurately, termed 
centrifugal force ; a name which indicates a tendency to fly 
away from a centre, and which is naed to express the fact 
that, if a body be revolving in a circle round a centre, its path 
mnst be bent into s circular form by some force tending 
towards that centre. Moreover, the faster it goes, the greater 
it is found that this force must be. Apart from the continued 
effect of some such action, it would, at any moment, when at 
such a point as v, in Fig, LVIII,, mn away from its curved 
path, along a tangent to it ; i.e. it would jiroceed along the 
straight Hue tt. 




In snch a case the path might be cnr\'ed either by the body 
being made to move in a circular groove, so that it would press 
against the groove, and consequently be pressed by it in turn 
towards c ; or it might he tied to f by a string, which string, 
being strained by it, would pull it inwards ; or it might be 
attracted by some force existing at c. The force with which 
it needs to he attracted towards c, or pulled inwards by a 
string, or pushed inwards by a groove, is said to measure its 
centrifugal force ; which, however, is not (as the literal mean- 
ing of the word might suggest) any actual force which drives 
the body directly away from c, but simply the reverse of that 
tendencj' towards c, which must be given at each moment to it. 

It may also be proved that the attraction, or force, employed 
for this purpose must be just so mnch greater as the radios 
of the path is greater (supposing that the time in which. ^ 
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revolution is performed remains the same), owing to the 
greater veloci^ with whieh the hody will, in that case, 
describe it. 

Now, if a body be at the eqnator, it evidently describes, iu 
consequence of the Earth's rotation, a much longer path round 
its axis than it would describe iu the same time in a higher 
latitude ; and the centrifugal tendency will therefore be so 
ranch the greater. Bnt this tendency (according to the laws 
of mechanics) is equivalent to two ; the one along the meridian 
of any point upon the Earth (i.e. due south or north) towards 
the equator ; the other in exactly, or almost exactly, the 
opposite direction to that of the well-known force of gravity, 
which acts very nearly towards the centre of the Earth. 
The effect of gravity is consequently in some slight degree 
neutralized, and the hody appears to Tveiff/i less than it would 
if this centrifugal action diil not take place. 

It is evident that the ouly locality in which this effect will 
not in some degree he felt is at either of the poles ; since a 
body so situated does not rotate round the Earth's axis at all, 
bnt simply remains in it. As, however, an observer increases 
bis distance from the pole, it will he felt in a gradually 
increasing degree; and it will be greatest at the equator; 
bnt even there it is found that it only amounts to n^^th part 
of tlie effect of the force of gravity. This amount is, however, 
quite appreciable ; and it is an imdoubted fact that, from this 
cause alone, a weight of 289 lbs. at one of the Earth's poles 
would, if carried to the equator, weigh only 288 lbs. 

The above statement is quite independent of another cause 
by which the weight woald also be reduced, vix., that the 
Earth's shape is not that of a sphere, bat. as we have 
previously stated, that of a spheroid. Owing to this, the 
protuberant matter at the eijuator removes a body placed 
ui>on it to a greater distance from its centre; and an ad- 
ditional dimination of apparent weight results, inasmuch oa 
the Earth attracts anything upon its surface very nearly as 
if its whole mass were collected at its centre, and conse- 
quently with a i>ower which is diminished when the distancu 
of the attracted body from ita centre is increased. 
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Moreover, it may be proved that the differeiice in the 
attractioQ thas caused will really be larger than tnighi at first 
be BniiposeU, owing to the increase of density which we have 
every reason to feel sure must exist in the central, as com- 
}i&Ted with the snperticial, parts of the Earth. The actoal 
resnlt is found to be that a body weighs somewhat more than 
ffi^th part less at the equator than at the poles, in consequence 
of the spheroidal form of the Earth. 

In intermediate positions each of these effects will, of course, 
have an intermediate value. Taken together, they are suffi- 
cient to cause 1941b8. at the poles to weigh only 193lba. at the 
equator ; or 333 Ibe. in London to Weigh only 332 lbs, at Quito. 
This statement may be very satisfactorily tested by the use of 
au accurate spring balance ; or it may be proved by observa^ 
tions of the oscillations of a pendulum, since these depend 
upon the effective weight of its bob, and if the bob become 
ligliter the pendulum will oscillate more slowly. It is, in 
fact, found that a difference of about 21 minutes per diem is 
thus produced in the time of a clock governed by a pendulum, 
if it be removed from London to the equator. 

Here, as previously in the probable effect of small changes 
of the eccentricity of the Earth's orbit upon the production of 
glacial epochs, we have another instance of the remote ami 
indirect connection which astronomy proves to exist between 
causes and effects otherwise apparently dissociated. It is surely 
a useful, and we would hope a pleasing, intellectual exercise, to 
follow the steps by which it is demonstrated, that a clock will 
gain or lose, or the weight of a given volnme of any given 
substance will be increased or diminished, according to the 
latitude of the locality in which it may be placed ; and to such 
an extent as may suffice, if it l>e carefhlly observed, to demon- 
titrate the rotation of the Earth upon its axis. 

The rotation of the Earth may also be detected by artillery 
experiments. If a cannon be fired, due north or south, at a very 
long range (which with modern ordnance may amount to five 
or sis miles), a considerable deviation of its aim will arise, from 
the difference of the velocity with which the Earth's rotation 
carries the gnu towards the east (the whole of which velocity 



I 



206 



THE EARTH. 



i 



is imparted to the i>rojectiIe as it leaves it), and that with which 
the point aimed at is carried in the same direction ; the effect 
being exactly similar to that met with in the case of the trade 
winds, which do not blow north and south, bnt from N.E. and 
S.E, respectively. 

Since, then, a point on the Earth nearer to the eqoator is 
carried round towards the east more ra])id]y than one farther 
north, it follows, that the projectile from a gun in the nortAem 
hemisphere, which is fired when pointed due south, will fall 
somewhat; to the west, or to the rip/it, of the point aimed at, 
just as the trade wind, in approaching the eqn&tor, tends to 
blow towards the west. If, on the other hand, the gun be 
turned round to point due north and be again fired, the 
projectile will fall towards the east, or once more to the ri^ht. 

Now let the same gun be carried into tlie southern hetnj- 
sphere. It will be found that when it is ]>oint«d due north (or 
towards the equator) the projectile will, as before, fall to the 
west of the point aimed at j and when the gun is pointed due 
south, it will fall, aa before, towards the east ; but in either 
case this will, in the southern hemisphere, be to the left of the 
target. We are not aware that the same gun has thus been tried 
in the two hemispheres, so as positively to demonstrate that 
the effect, being always towards the right in the oTie, and 
towards the left in the other, is not produced by any defect in 
the gim. We understand, however, that, in tiring at long 
ranges north or south, the deviation oh8er\'ed is very appreci- 
able, and must he allowed for in accurate practice.* In firing 
due cast, or west, of course no such effect is produced. 

The rotation and shape of the- Earth are, however, not only 
interesting in connection with its present condition, and with 
the accurate knowledge of an observer's position upon its sur- 
face. They take us back in thought to the time when, ia agea 

* A range of 1(1.000 yards, with a time of flight of thirty aeoonda, m bf 
no mi^ai unuBUal. At a place hnviag s. latitude of 45° it majr emailjr ba 
calculated that the Earth's rotation would in aach a case produce u 
eatiterly or westerly dovi.ition of about forty-six feet upon the aim of I 
projectile fired due north or south. In Intitudcs nearer to the poles tli* , 
«ffect would be greater. 



J 



THE BAKTH. 207 

long, long i>ast, there are good reasons for believing that the 
Earth was in a fluid, or semi-fluid, condition. Under snch cir- 
camstanceathat rentrifugal tpadeacy, which we have alreadyex- 
plained, would give to a rotating sphere a spheroidal shape. It 
would cause it to swell out in the neighbourhood of the equator, 
and to become flattened at the poles ; and it would do so to an 
extent exactly dependent upon it« wpeed of rotation and upon 
its internal density. The faster its rotation, the greater would 
be the protuberance in its shape round about the equator ; and 
very careful calculations have been made in the case of the 
Earth, which show that its shape is, as nearly as we can judge, 
such as a velocity, not differing much from that which it now 
possesses, wonid produce in a viscous or sligbtly-flnid mass, 
constituted according to that which we believe to be its interna) 
law of density. We therefore find in the Earth's existing shape 
an important confimmtiou of the hypothesis that, at some 
epoch long past, it was in a fluid or semi-fluid condition. Tlie 
same hypothesis is also supported by the much greater degree 
of polar flattening and eqnatoreal bulging which is found in 
the huge and less dense globes of Jupiter and Saturn, in 
accordance with their much more rapid axial rotation. 

AVe have thus shown tiow we measure the Earth, and prove 
its rotation. To weigh it is a much more di£Bcult matter ; nor 
have the most carefully conducted experiments given results 
altogether accordant. One method, which has been adopted in 
two or three instances, has been to estimate the exact size and 
weight of an isolated mountain, and to notice to what extent 
its attraction influences the direction of a plumb-line on either 
wide of it. Apart from any such influeuce, the plumb-line would 
be exactly perpendicular to the surface of still water, or to 
what is generally spoken of as the level of the Earth's surface 
ut any given place ; but, near to such a mouuUiin, it is found 
that the attraction of the matter in it draws the plumb-Hne 
slightly towards it. Such an effect being lu addition to that 
of the rest of the Earth, it may be compared with the 
attraction of the Earth as a whole ; and if the oiuuatain be 
very carefully surveyed and measured, and the weight nf !*• 
component mat«nal8 be estimated as accurately aa 
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very fiur apiiroximatioa to the value of the E&rth's wdgllt 
inST be obtained. 

Thia exjwrimeut is generallr tenoed the Scbehallteo * ex- 
periment, ina^macb ae it was first careMly made (in the 
atimmer and aalnnin of a^d. 1T74) ic coonectifHi with the 
Scotch mo on tain of that name in Perthshire, mider the 
jinperiatendence of Dr. Stastelyne, who was then Astronomer 
HoyaJ. For further informstioD with reganl to it, in booJa 
easily accessible, we may refer our readers to Lardner's 
" Handbook of Astronomy," edited by Sir. Dnnkin ; and M 
8iF Edmand Beckett's "Astronomy without Atathematics," 
published by the Societj- for Promoting Christian Knowledge. 
We may also remark that the first bint of the poaaihlB 
advantage of sach an experiment is to be found in Sir Isaac 
Newton's " System of the World." and that aome Ehr^ndl 
academicians had already proved, before Maskelyne measured 
the attractioD of tlie Scotch mooutain, that the effect produced 
by that of Chimborazo was very sensible, although they did 
not accurately determine its value. Maskelyne telU as that 
he ciios^ Schehallien because it was not ouly isolated, bat in a 
direction lying east and west. The two stations for obserratioa 
could therefore be chosen north and south of one another, so 
that it was especially easy to determine with aocnracy, by 
means of the instrument employed (a zenith sector), the 
amount of deviation produced ; iuaamuch as the Earth's attrac- 
tion, and the distnrbing attractions of the mountain upon the 
plumb-lines used, were all in a plane rimuing nearly due north 
and south. 

Another very interesting method by which the problem hai 
been attacked is generally known as the Cavendish Experi- 
ment, because it was first performed, l*twcen August 1797 
and May 1798, by tlie celebrated chemist and natural philo- 
sopher of that name, — a grandson of the second Dtike of 
Devonshire, — amongst whose other many researclies none i«, 
perhaps, more memorable than that which led him to the 

* ThU is Maskelyne's Bpelliiig. More correctly, Schiehatlion, or Sehi- 
hnllion ; or, s> LQ the Orduance Survey. Schichallion. Mai>kelyn« sUtt* 
that io the Erse language the word means " oonatant etarm." 
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discoverj' of the compoBition of water, in the year 1784, In 
order to weigh the Eartli lio employed an apparatus called a 
torsion balance, which was originally made (althongh in a less 
perfect form) by the Rev. John Michell, who. unfortnnately, 
died before he had an opportunity of nsing it. 

In performing the experiment the attraction of two large 
leaden balls (whose size is carefully measured)" upon two 
much smaller balls, is first of all calculated in the following 
manner. The little balls are fastened one at each end of a 
thin rod, which hangs in a horizontal position, and is supported 
by a fine wire at its middle point. The apparatus is so ar- 
ranged that the two large balla may be respectively brought 
near to the two small ones upon opposite sides of them, and 
iu such a way that the centre of each of the large ones may he 
at an exactly equal distance from that of the neighbouring 
small one ; as also that the direction of the centre of each 
large one, measured in a straight line from the centre of the 
adjacent small one, ia very nearly perpendicular to that of the 
length of the suspended rod, while the centres of all the four 
balls always remain in the same horizontal plane. The large 
balls being thus brought near to the small ones, it results that 
the whole effect produced by the attraction of the former upon 
the latter acts horizontally. Consequently the rod carrying 
the little balls is twisted round in a horizontal plane, nntil 
the resistance of the wire which supports it to further torsion 
produces equilibrium. But, in practice, this equilibrium is a 
long time in taking place, so that it is found better to deter- 
mine the position in which the rod would finally remain, by 
obser\'iug the mean position about which it oscillates, rather 
than to wait for it actually to come to rest. 

The experiment is then reyieated, the only variation being, 
that the large balls are respectively brought by suitable means 
to the opposite sides of thi' small ones to those occupied in 
their previous positions, so that the rod is twisted in the 
reverse direction. Without drawing the suspensory arrange- 
ment employed in the earlier apparatus, or the platform 

** The two large balls are nude aa nearly as possible exactly equal to 
one another, as abo are the two smaller ones. 
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^H snbeeqaeotly adopted a» a better meana of carrying the krge 

^^ balla, we have endeavoured in the following diagram,— 

Fig. LIX., — to show them, first, in the positions a, and b, ; and 

eecondly to indicate that Aj is moved horizontally to a„ and Bj 

to Bj. The corresponding positions of the small balls are, for 

^H the one, a, and a^ ; for the other, i, and is- The normal posi- 

^H tion of the rod which carries these latter, when unaffected by 

^H the attraction of the large balls, would be half-way between 

^H the directions «,ii and a^b.,. One-half, therefore, of the angle 

^H - between these two directions is that tlirongh which the large 

^P balls twist the rod from its origiual iiosition when bronght 
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hin such a distance from the small ones a« is indicated 
e diagram. 

By taking the mean result of a number of such experimen 
which the rod, which hears the little balls at its estremiti 
first twisted in one direction and then in the opposite, it 
ssible to determine verj' precisely how far the attraction 
e large balls, when at a given distance from the small on 
able to move the latter. Very accurate observations a 
made of the time occupied by the rod, which carriea t 
all balls, in swinging horizontally between the extm 
sitiona to which it moves, when it is lUsturbed by t 
raotion of the large balls upon the little ones. 
We need not go into the details of the various ni«th*> 
licli were actually adopted in practice to determine the time 
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this oscillatiou. Sometimes the lar^ balls were siiddealy moved 
away tintil the line joiniug them was at right angles to the 
original direction of the rwl, so that their effect ceased, or neu- 
tralized itself, while the nxl continned to oscillate from side to 
side of its original direction. Sometimes the large balls were 
very rapidly brought ronud to the opposite sides of the little 
ones, so as to encourage the oscillation still further. The essen- 
tial point, however, connected with such oacillations (provided 
they are of comparatively small extent), is, that, whether they 
be caused by either of the above methods, or simply by moving 
the rod round in any other manner, and then letting it go, they 
will occupy the same length of time, so long as the inBtniment 
remains unaltered, whether the rod actually swings through a 
greater or less ungle .• 

In the Cavendish experiment we therefore make two distinct 
observations : (1) how far the big balls move the small ones 
by their attraction ; (2) how long the rod occupies in per- 
forming oscillations when it is Bet vibrating horizontally- 

It is true that these vibrations actually depend upon three 
things : (1) the weight of the rod and little balls ; (2) the 
nature of the suspending wire, which actually effects the oscil- 
latory movement by its resistance to being twisted, and its 
tendency, when twisted, to untwist itself and then to retwist 
itself in an opposite direction, which together constitute what 
is termed its force of torsion; (3) the length of the rod, which, 
as it is longer or shorter, gives a greater leverage to the balls 
at its extremities, and to tlie matter of which it is itself com- 
posed, to resist the twisting and uatwisring power of the wire. 

Bat it is most fortunately found, as the result of mathema- 
tical and experimental investigations, that the actual force of 
attraction upon the small balls necessary to move them a 
certain distance, bears a ratio to their loeight,^ which is quite 

* This is just what nbo hapfiens in an ordiniir^ vertical pendnlum. If 
such a pendulam Bwing8 twice as far. it gets through the dislunce at twice 
iid quick a rate, ta that the time of osKillation remaiiiB onaltered, or, as it 
is often termed. Uochroiuiu*. 

t We wilt here, and henceforward, neglect the weight of the roil, oa it 
can easily be allowed for, and would only complicate out ex^\u\a.\K.w\. 
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In&ct it is fixmd tint tlw pnipartioD «UcA 
qoeatim ntiirt bear to the wei^t of Out Ittde In 
to move them one indi Irooi titai «'*g*— ' 
be nUicr kn thu A^ of ^nt vci^t, if «aKJi 
the rod IB tbe iBBtnmaii oecttpKB one Bceoodof 
over, it am sIbo be [aored, that, if tbr rod sbonld 
other ntimber of aeoooda, the requisite force Toald be leM m 
pTOportioa of the sqoue of that number. I^ for "■■****—. 
dtomtioD of an oecfllatioo were 400 secocde, the requisite ~ 
more the small balls one inch woohl be nearij ysi«v 
part of their vei^t. And itisalsoa prqtei^ cJ dw : 
in question, that the force required to move the baDs 
nnmber of inches would be almost exactlr proportiooal to 
nomber. In order to more them six inches, verr neatly ns 
timee a» giest a force vootd be required as that which would 
move them one inih ; the slight difference &om an csact 
proportiotialitv of the foixte being easily calculated and aOmnd 
for. 

If, therefore, we find that the large balls move the little onea 
acertain nomber of inches, ibeo, without weighing these latter, 
or measnring and obeerring anything else except the (taw ia 
which the rod (^cillates (which we cao do with very great 
accuracy), we know exactly what proportion the ataaetioo 
exercised by the big balls bears to the weight of the little 
ones. 

Let OS next see how this enables us to determine the wei^^ 
of the Earth. It is a law of the attraction of spheres opoB 



* The actiul proportion Txriee slightly with the latitade of the pIsM ol 
obaaiTfttion. The accorate Talne of the denomiiutor of the fnujtiaii is 
tlie Utitade of London 18 39139: imd i« the rame, in uij given loixiity. m 
th« Dumber of inches in the length of an oidinaij vertical pvodnlam 
Ihat will oxrillate in » »ecaad. It is. therefore. oIwBf* known with gnat 
fifMiaioo. 
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Spheres, that tbit compai'aiive attractious of two, botli made 
of the same material, upon any other, simply depend upon the 
distaDces of their respective ceotrea from that other, and npou 
their respective sizes, or volumes. We can, therefore, easily 
calcolate how many times less than the attraction of the Earth 
upon the two little balls, would be that of two spheres of the 
same Bize as our big lead balls, if they were made of a material 
of the same average density as the Earth. It would be less as 
they are ^tmaller ; it would be greater in proportion to the 
square of the smaller distance of their centres as compared 
with the square of the greater distance of the Earth's centre, 
which is 4,000 miles away. But the attraction of the Earth 
upon the small balls is only another name for their weight. 
Therefore, without actually weighing the little balls, we can 
calculate with what fraction of their fcetgkt two balls of the 
exact size of the big ones, and at their known distance from 
the little ones, would attract them, if the supposed big balls 
were for the time being made of material of the same mean 
density as the Earth. It also follows, in such a supposed case, 
that the rod which carries the little balls would l>e twisted 
round so aa to move these latter through a certain calculable 
number of inelies, which distance will otherwise only depend 
upon the time in which (as previously explained) it would 
swing backwards and forwards if set oscillating horizontally. 

Consequently, without weighing the little balls, or determin- 
ing anything else about our apparatus than the duration of 
its oscillations, we arrive at the following results. (1) That 
the attraction of the large lead balls moves the little balls a 
certain obsen>ed distance. (2) That it would move them a 
certain calculable distauco, if the large balls were unaltered in 
size, but made of material of the same mean density as the 
Earth, (b) It follows, from the above (1) and (2), and from 
our previous statement as to the comparative distances to which 
any two given forces would move the small balls ; * that, the 
latter distance (2) having proved, in the actual experiment, Xa 
be very nearly one-half of the former distance (1), the density 

" VU., that the distance through which they would be moved would 
vuy in the mme proportioR m the attraction exercised. 
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of a tnateri&I correspouding to the meau density of the Eartli 
muBt be rery nearly one-half of that of lead ; or, that the 
weight of the Earth is very nearly one-half of that of a mass 
of lead of the same size as itself. It is surely an exceedingly 
interesting and important fact that so small and delicate a 
little inatmment as a torsion-balance, by that verj- delicacy, 
enables ns to solve the problem of iveighiog so linge a mass 
as the Earth. 

The final resnit of the best determination yet made by the 
above method is. that the Earth's mean density is almost 
exactly one-half of that of lead, or about 5| times that of 
water. 

The original investigation by Cavendish, made in a,d. 1797 
and 1 798, is recorded in the volnme of *' Philosophical Tnmsao- 
tions" for the year 1798. It gave a value less than the above 
by about ij^th part, which was again somewhat decreased 
when it was repeateci, with certain moditicatious, in 1836, by 
Professor Eeich, of Freiburg, The value which we have stated 
is, however, more trastworthy, and was obtained by Mr, Baily, 
by an exceedingly careful series of experiments which he 
l>erformed Itetween a.p. 1838 and 1842. Diagrams of the 
apparatus used by Cavendish may be found in I^ardner's 
'' Handbook of Astronomy," and in other well-known books. 
A full description of Mr, Baily's improved apparatus (with 
diagrams^, and of the elaborate precautions used by him to 
avoid the disturbing effects of currents of air. or of the heat of 
the obseiTer's body, is given in the fourteenth volume of the 
" Memoirs of the Hoyal Astronomical Society,'' the whole of 
which is occupied with an m'count of his proceedings. Hii 
torsion-balance was very carefully enclosed in a glasv case, 
while the large and small balls were separated by partitiooa, 
impervious to heat, the necessarj- movements being efl'ectwi by 
ropes worked from a distance, and the observations made by 
telescopes through holes in a wall. 

The especial value of the Cavendish exiierimeut consists in 
the simple character of the observations involved, and in its 
being easy to makt- a torsion-balance which will oscillate so 
Blowly (as, for instance, in 2(m:), or more, seconds), that we uc 
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able by meaiiB of it to menBure with accuracy so small an at- 
traction as that of the large leadeu balls,* which, in Mr. Daily's 
ease, were about one foot in diameter, — an attraction so amali 
in comjiarison with that of the Earth, that, in order for it to 
produce a measarable displacement in the direction of a plumb- 
line, similar to that caused by the mountain in the Schehallien 
experiment, the plumb-line used would need to be of the 
imi'racticable length of many miles. It is, moreover, a great 
advantage that the whole effect tn be measured is produced 
horizontally, so that the movements of the apparatus involve 
no alteration of the Earth's attraction upon any of its parts. 

It might perchance be just j>osaible to obtain a relation 
between the attraction of a large ball npon a small one and 
the small one's weight (which is equal to the attraction of 
the Earth upon it), by weighing the latter in a very delicate 
balance, while the big one might alternately be placed a 
short (Ustance above it, and then below it. and noting the 
diflerence caused in its apparent weight ; but there would 
be many more difflculties involved, and much leas accuracy 
would be attainable, than in the Cavendish experiment, the 
elowoese of the oscillations in which not only increases the 
delicacy of the results deducible, but very much conduces to 
their own accurate meaanrement. 

Our readers will, we hope, understand, that, in any such 
investigation the point to be arrived at ia, to obtain a relation 
between the actual attractive eifect of the Earth and that of a 
given weight of some known snbstance, such as lead. When 
we weigh two bodies against one another in any ordinary 
balance, although the weight of each is produced by the 
Earth's attraction, we only compare its attractions upon them; 
we cannot in any case determine what that attraction abso- 
lutely is. But in the Cavendish experiment we obtain a direct 
relation between the actual attractive effect of the big balls, 
80 far as it depends ujion the known density of the material of 
which they are made, and the effect which they would produce 

* The balls were made of lead bocange of its weightineM, ho that aa 
large an nttmction av poMible might I>e obtained with balls of a moderate 



216 THE KABTH. 

if their density were equal to the mean dendty d the b 
CoDaeqneatly we obtain the Talne of this Imtter deui?. 

Having thoB foond t^e mean density of the fvA, 
having by otlier methods already detennined its nie.< 
course at once know its weight; bat it is practicaUv otde 
express that weight, as is sometunes done, in ttma oi pd 
It is mnch better simply to say (as we have) that it is ajt 
as great aa it would be if the Earth were composed thnif 
of mter ; and half as great as it would be if it wen coq 
of lead. 

To recur to what is perhaps the most important point < 
we may be allowed ODce more to remark, with r^aidt 
Cavendish experiment, that, althoogh we need to kiwi 
material and the aize of the big balls (which it is s 
determine), we do not need to effect any independent i 
mination of the size or weight of the small tnlla, or ( 
torsion-force of the wire by which the rod is sospoidi 
even of the length of the rod itself, — ^which, or some ftf i 
it would be very difficolt to estimate aocorately, ^c 
only to determine the tima in which the rod swings lA 
oscillating, and the distance through which the centres • 
small balls are moved. 

In practice that distance may perhaps be Aiost convei 
fonnd by noting the movement of a pointer fixed apoa 
longation of the rod, a little beyond Uie position of the 
balls npon it ; in which case, in order to get the actual i 
of the centres of the balls from that of the pointer, it is 
sary to compare their diatances from the middle of ti 
with that of the end of the pointer. For this particoli 
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the explanatioDB nsuallj' given of the above valuable method 
of investigating it, will be accepted as our apology for having 
discnssed it at ao great a length. 

We must not, however, pass by nnmentioned another method 
by which the same great problem may be attacked — viz., that 
to which Sir G-. B, Airy, while Astronomer Royal, devoted 
extraordinary akill and pains, in the year 1854, by means of 
experiments made at Harton Colliery, near South Shields, It 
depends upon the fact that it is found, that a pendulum 
oscillates i/iore qaicklif at the bottom of a deep shaft than at 
its month. If the Earth were of uniform constitution through- 
out, this would not be the case, but the pendulum would, on 
the contrary, oscillate more glo/vly ; because it can be shown by 
elaborate mathematical calculations, that all the portion of 
the Earth which lies at a greater distance from its centre than 
thai of the pendulum, attracts the latter equally in all direc- 
tions, and has consequently no effect upon its oscillation. The 
peudnhmi when at the bottom of a shaft is therefore attracted, 
as if it were on the surface of a sphere just so much reduced in 
diameter, as the bottom of the shaft is nearer than the surface 
of the Earth to its centre ; or, in other words, as if all the 
portion of tlie Earth further away from its centre than the 
bottom of the shaft did not exist. Tlie attraction would con- 
setiuently, as we have stated, be less, and the oscillation of the 
pendulum would be slower, at the bottom of the shaft, thau at 
the top, if the Earth were of an uniform density. The observed 
increase in the ajieed of oscillation jiroves, on the contrary, 
that the inner jwrtion of the Earth is denser than the outer 
parts. And from a long-continued series of careful observa- 
tions, it is possible to compute what the mean value of that 
inner density must be. The result thus obtained, although 
somewhat greater, decidedly confirma the values obtained for 
the weight of the Earth by the other methods which we have 
described." 

Upon the whole, then, we may conclude that the Earth ia 
probably about 5| times as heavy as an e<|ual volume of water 

* Seo Lardner's "Handbook of ABtronomy," edited liy Dunldn; or 
Appendix III. to Aity's "Popular Astronomy," 
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wonld be, or twice as heavy a^ if made throoghont of soUd 
rocks EimQar to those of the moDDtaiu SdiehallieD ; a statr- 
meDl which, as we have just exjtlaiued, inrolres the Terr 
oatoral eapposition that the sabstance of the Earth is mnch 
compressed internally. 

But graoting this, as we may without any demnr. therf 
still remain other Tcry important <)aestions for consident- 
tion — t.^,. Is the Earth solid thronghont ; or, if not, t"' 
what depth; or. does it consist simply of a thin, hollow 
cmst. which is tilled with each molten matter as ever aud 
anon barsts throogh the oatlets of volcanoes? What is the 
temperature of its iotemal heat ? Does that heat liqnefy the 
regions within, or does the enormous snperincnmbent pressnre 
retain them in a solid condition ? 

Of one fact there is no donbt, viz. that, as we descend below 
the surface of the Earth, the temjierature in general increases, 
and, iu most localities where it has been tested, at a compara- 
tively rapid and uniform rate of about 1° Fahrenheit for ^wrs 
sisty feet of dejdh ; although the rate of increase varies to 
some extent with tlie natare and arrangement of the strata 
passed through, and occasionally lias somewhat diminished after 
a depth of abont 2,000 feet has been attained. If, however, it 
be allowed that the increase iu general continues, it wonld 
follow, that, at a depth of abont thirty-five miles, a tenijtora- 
tnre sufticient tinder ordinary circnmstances to fuse the most 
refracton' metals, must exist. Now, if any one will draw a 
circle of about 11 ^ inches -diameter, and take care that the line 
by which it is described be only ^'„th of an inch in thick&««9 
(which would correspond to the ratio which thirty-five miles 
bears to the Earth's diameter of 8,IMJl( miles), he may have 
some idea of the pleasant condition of things which such a 
circle wonld represent. 

Itwotild to maayjiersons, we think, be excessively alann- 
ing to imagine, that, with so comjiaratively thin a cruat, ihejr 

?re dwelling over so enormout; » mass of liquid fire. 

Such a crust would prol>ably be constantly cracking and 
falling in, so that volcanic and other catastrophes woold be 
most fearful in magnitude, intensity, and freqnenc;!'. More- 
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over Sir William Thoniaon has shown, that the attnirtions 
and varying distances of the Suii and Moon would cause 
such tidal disturbances in the molten mass within, that so 
thin a crnst wonld bend and yield as the internal tides passed 
under it ; the conseqilpnce of which would be that the corre- 
sponding external tides, now seen day by day, would not 
be apparent upon a surface which wouhl rise and fall 
equally with themselves. And other difficulties (which we 
cannot enter into here) connected with precession and nnta^ 
tioE would also be involved. For all these reasons, the 
hypothesis that the Earth is for the most part liquid or fluid 
can hardly be maintained. 

Nor is there any necessity to suppose that the heat, which 
under ordinary circumstances suffices to fuse any given sub- 
stance, would do so in the interior of the Earth. In fact, it ia 
found that the power of heat to fuse, or melt, may he counter- 
acted by enormous pressure. It is true that we are not able 
to arrange experiments really equivalent to the actual state 
of things existing at great depths below the Earth's surface ; 
but we can perform enough to show that the above statement 
in general holds good, without testing it fully. 

We may therefore say that it is very likely that the Earth 
is solid at far greater depths than used to be supposed, and 
that its enormous internal pressures may neutralize the lique- 
fying power of the internal heat. Perhaps at some great depth, 
although we are unable to decide how great, the heat gains 
the victorj', and fluidity results. We cannot, however, go 
further into this question without involving ourselves ia 
abstruse mathematical and geological cousideratioas.* But 

• Since the aliove wut written, the very interesting work of the Bev. 
O, Fiaher upon the Phj^ics of the Earth's Crust ha* appeared. Its din- 
elusion of the way in which the necisasar}- support for the weight of 
moantain ranges might be provided, nppn the Rnpposition of a flaid 
iiit«rior in the Earth, in egpecially important ; as also are the remarka 
nULde upon the relation of volcanoee to vapour retained by pressure (like 
the gas of aerated waters) in a viscous subterranean ocean from which 
it may be slowly Met free. We also refer our readers for further infor- 
mation to Profemor Jndd's very instructive trentise upon Yolcnnoes in 
InteTTUttional ^ientjfic series. 
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we hope that it may afford some comfort to our readew 
to believe, aa we do, that day by day, while they go to their 
basiness or their pleasure, they are not walking npon a horribly 
thin crust of solid matter over a caldron of molten lire. 

Indeed we conceive that there is very good reason for 
supposing that sueh volcanic eruptions as from time to time 
occur, are not caused by the pouring forth of any central 
molten matter, but that in some way the pressure existing 
within a portion of the crust at a moderate depth is relieved : 
whereupon the solid matter there situated immediately becomes 
liquid, and rises np to the aperture of the crater of a volcano. 

Such a diminution of pressure may possibly be caused by the 
explosive generation of steam ; or by chemical processes origi- 
uating in the percolation of water to a depth where great he&t 
exists ; or by the escape of gases occluded in the rocks of the 
Earth ;' or by some other cause which may lift uj) the weight 
of the superincumbent strata. In connection with any of 
these suppositions the remarkable proximity of most great 
volcanoes to the sea should by no means be overlooked. 

One or two other interesting facts relating to the Earth still 
remain to be noticed. For instance, — that the centrifugal effect 
of the Earth's rotation, although it is at present very slight, 
is proportional to the B({uare of its spued. If, therefore, that 
speed were sixteen times as great as it is, the centrifugal effect 
would be increased 2ij6 times. The result would follow thai 
anything placed ujion the equator would become almost entirely 
weightless, instead of, as at present, acconling to our previous 
statement in this lecture, having its weight reduced by (mly 
ji^th part. A slightly greater speed would cause a person so 
located to feel absolutely withont weight; while a rotation- 
period of the Earth upon its axis of less tJian one hour twenty- 
five minutes, would hurl everything placed upon the equator 
away into infinite space. 

On the other hand, another centrifugal efiect is most nsofhi. 
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■ Conipitre Shakespeare, Utury IV., Part I., Aot 3, Bcene i 
"The toemitiK Karth 
In with a kind of colic pinch'd and vex'd 
By the iraprieoning of nnmly wind." 
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We refer to that produced by the Earth's velocity in t'Cs orbit, 
which is siifflcient to prevent it from being drawn into the 8nn, 
an unfortunate catastrophe which would graduallj- enaoe, if 
its present sijeed of abont 18^ miles per second were reduced 
to 12 miles per second. In like manner, it may he calcu- 
lated, that, if its speed were augmented so as to exceed 
26 miles ]>L'r second, the Eartli would fly away from its present 
orbit altogether. The happy mean keeps everything as it 
should be. 

It may also be worthy of mention, with regard to the speed 
of the Earth's rotation upon its axis, that it is owing to its very 
regular and uniform character^ that we are unconscious of it, 
notwithstanding its magnitude. If it were suddenly changed, 
even by a verj- small amount, the most fearful catastroplies 
would be at once experienced. Many persons, we tiiink, hardly 
realize how vast the Earth's orbital velocity of about 185 miles 
per second, or abont 1,KK) miles per minute, really is. It is 
abont l,2f.K) times as great as that of our fastest express 
trains. If it were suddenly diminished by only xstrj^Ii part, 
the universal effect would be equivalent to that produced by 
the instantaneous stoppage of such a train in a most frightfnl 
collision. 

The speed with which the Earth rotates is, then, so uuiform 
and regular, that, until very recently, it was believed to have 
been absolutely without any change, for at least some thou- 
sands of years pant. But of late it has been suspected that 
the speed of its rotation may be very, very slowly diminishing ; 
or, which is only another way of saying the same thing, that the 
length of the day may be very slowly increasing. In fact 
the whole question of the variability or invariability of the 
Earth's day, and of the jjossibk- causes wliich may slowly 
■ change it, has recently been the subject of much discus- 
siou. It can easily be understood that this is a subject 
not only full of interest in itself, but of great importance 
in connection with all astronomical observations, and espeeially 
in the comparison of those of ancient date with those of 
modern times. 

We will therefore conclude our discussion of the Earth with 
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a brief explaoatioo of the way in which the length ofito'l 
is determined, and of the most important eaose hf wUd 
may be changed. This ezplanatioa will also invfdTe a jdam 
which we should regret to leave nnnotioed, to tlie difiH 
between an ordinary or aolar day^ and that whidi ii la 
a sidereal day, imd is more nsQaUy employed in isOobm 
calcalations. 

As the Earth's rotation from west to east eansea theliM" 
bodies to appear to travel roond the heavens in the o(fl 
direction from east to west once-dnrin^ each of its nmditi 
upon its axis, the dnration of its TOtation-period may f»^ 
determined with great exactoeas, by watching how loo;* 
heavenly body (sach as a fixed star) which has no appnci 
proper motion of its own, occnpies in »"**ring one snch qip> 
drcoit of the sky. The period thoa obtained is that vUd 
called a sidereal day. It is fonnd to be very nearijf 
miuates shorter than an ordinary day of twenty-fonr hooi 
length. Nor is it difBcnlt to nnderstand how ttiia diffentf 
nearly foar minutes arises. Daring one rerolntion npi 
axis (which we may suppose to begin at the moment c^M 
at a given place, when the Sun is on the meridian), the Si 
also traverses about ^\j\h. of its annual path lonndOK^ 
This movement, apart from the Earth's rotation, would tf 
any place to look at the Son in a direction which «vd 
changed by the angle which nr^jth of the whole ciicumftlB 
of any circle measnrea at its centre. 

When one rotation of the Earth is Cfunpleted, the Boil 
of the place being turned to this extent in a slightly difti 
direction from that which we supposed it at first to oed 
will not have the Sun again exactly over it ; and, since ' 
rotation of the Earth uiwn its axis is in the same diitrt 
as that of tlie Earth in its orbit, it resnlts, that the B 
must turn very nearly iJith part of another rotation in« 

• III the following pariinriiphH we Bhall not refer to anv diflcx 
between day and niglit. The word ihiii will be used in its raiyn mW 
meaning, in which it iklsi) euibniees the iluratioii nf a c<irre»|uD 
night. Thun we Mhall in every raiKe MjH-iik of a day whieli will onk* 
nlightly from twenty-four hnum in length. 
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to causae the plane of the meridi&n id qiiestioa to pass thriiugli 
the Sun again. That this is really the eaae may perhaps be 
most easily nnderstood by the simple experiment of carrying a 
globe slowly roond a lamp, which may be supposed to repre- 
sent the Sun, while the globe is at the same time revolved 
roand its own axis. The same fat-t, put into astronomical 
language, may be stated as follows : — An ordinary day between 
two successive noons is about ^Juth part longer than a sidereal 
day, and a sidereal day is consequently abont sr^th part 
shorter than an ordinary day, the difference in either case 
being not (piite four minutes. 

We say an ordiiianj day, since the actual fact is, that our 
ilays, if measured by the interval between two successive 
transits of the Sun over the meridian of any given place, 
would exhibit very considerable deviations from uniformity ; 
(1) because the elliptic form of the Earth's orbit causes the 
speed of its motion round the Sun (upon which we have seen 
that the length of the day, as above estimated, must partly 
depend) to be slightly irregular ; 8n<l (2) because the plane of 
that orbit, viz., the ecliptic, is not perpendicular to the Earth's 
axis of rotation, but is inclined to it at an angle of 2^^'^. We 
cannot, withont the use of some rather difficult proi>ositions, 
explain the exact results tliat thus follow at different epochs in 
each year. It must suffice to state, that it is found best to 
take a mean, or average, value of the solar day (or day that 
would be determined by the Sun) deduced from its actual 
values in the course ol' a whole year, for use an our ordinary 
day. This day, thus obtained, is called a mean solar tf/iy, and 
is divided into twenty-four hours of civil time. But it will be 
miderstood from our previous statement that this arrangement 
will sometimes cause the Sun to be on the meridian rather 
before, and at other times rather after, what our timepieces 
call twelve o'clock. In fact the difference may amount to 
about 16^ minutes in one direction, and about \\\ minutes in 
the opposite direction ; which is expressetl in almanacs by the 

1 phrase that the Sun is fast, or slow, compared w4th the clix'k. 
We might, if space permitted, prove that the Sun and the 

■ clock exactly agree on four different days in each year, although 
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the dates of those days do uot occur at equal iutervals apart. 
Oar iiresent purjiose, however, only requires that we shonld 
clearly understand that the time of the Earth's rotation upon 
its axis is termed a sidereal day; and that the difference 
between a sit^ereal day and a mean solar, or ordinary day. 
ariaee from the Earth's motion round the Sun, in exactly tJie 
same way that a traveller, who should sail at an uniform B]itH-d, 
80 as to jonrney round the world in 305 days, would tiud that 
he would gain or lose a day in the whole jom-ney, or ^J^tli 
part of a day {i.e. aTiout four minutes) in each day of his 
progress, according as his voyage might be made from west 
to east, or from east to west. Moreover, the Earth's journey 
round the Suu being made from west to east, it does not loif 
the one day, but gains it in each year. Only 366i ordiuaiy 
days are therefore reckoned while it revolves 366i times npon 
its axis ; in other words, 365] orthnary, or mean solar days, are 
eqnal to 366J sidereal days. 

We have especially referred to this fact in order to be able 
the more clearly to state that it la a supjjosed gradual lengrthcn- 
ing of the sidereal day, or (which is really the same thing) an 
extremely slow diminution of the speed of the Earth's rotation 
upon its axis, that has of late years been suspected. The 
suspicion has arisen in consequence of a peculiarity which has 
been detected in the Moon's apparent motiou. Some ob8er\'a- 
tions of the Moon's place recorded more than 2,0<X) years ago 
have come dowu to us with great accuracy, owing to their 
connection with ancient eclipses. Now, if tlje Moon had con- 
tinued, since those times, to move with the same a\'erage \-elocitj 
which it at present possesses, it may he calculated that it would 
have attained to a position in advance of that in which we now 
find it. The most natural explanation of this fact might seem 
to be, that, in some way, the Moon must have slowly and 
gradually increased its speed since the date of those ancient 
records, But it is evident that the effect would be exactly \!b,K 
same if the increase in speed were not real, but only apparent: 
which would be the case, if the Earth'e rate of rotation, by 
which we measure our time, and consequently estimate the 
Moon's speed, has been getting slower. 
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And it lias bwu foiiuil that tlio resultii of the most careful 
theoretical investigations show, that, only about one-half of the 
observed effect is actually due to a real, but very minute, 
quickeniug, or acceleration of the Moon's movement, caused by 
a very slow change io the form of its orbit around the Sun. 
It has therefore been asked : — Can any cause be suggested 
which, by affecting the length of the Earth's day, would 
account for the other half of the Moou's apparent accelera- 
tion as the result of the way iu which we. measure our time ? 
Is there, for instance, any frictiou acting upon the Karth'a 
sm-face which would verj- slightly check its rotation ? 

It has been replied that the Tidal Wave, as it sweeps 
round the Earth twice iu every twentj'-four hours, must by its 
friction i)roduce some such residt. The effect day by day, it is 
true, would be excessively minute, aud very careful theoreti- 
cal calculations indicate that it does not exceed ^r nn'ooo g 
of a second in a day. Nevertheless, this would be enough 
to cause a difference of twelve seconds, in the course of a 
single century, in the time at which the Moon would occupy 
any given position. It is shown in our foot-note that this 
result may be deduced by the summation of an arithmeticBl 
progreasion," each term of which exceeds the preceding 
by the above-mentioned minute fraction of a second ; the 
* An arithmetical progreHsion is one in which each term cKceeda, or 
falls nhort of, the preceding by the same quantity. The Hum of such a 
progresaion is found fay multiplying the num of its first and last terms by 
a. number equal to one-half of the whole number of term« in tlie series — 
f.g.. if we tiike the arithmetical progression 1. 3. u, 7, 9, 11, in which there 
are 6 terms, then, in order to get their sum, we mtut multiply the sum 
of 1 and II by one-lialf of 6. the result being 3 times 12, or 36. If 
the first term, as in the case referred to in the text, be the fractiOQ 
rraAist ■** " second of time, it is so small that we may neglect it in 
forming the sum which k to be multiplied by one-half of the number of 
terms in the series. If, also, each term exceed the preceding by the 
same small fraction of a second, as wu have explained Ib^t it will in the 
above case, we shall liave for the sum of 36,525 terms (which is the 
number of days in a century) very nearly one-half of 36,525 times the 
last term, which last term will be stWi(Wd of a seconi The result 
(in seconds) is therefore 36525 multiplied by itaelf and divided by twice 
57,000,0(W; or 1,334,075,625 divided by lU,OOIt.0O0; the quotient of 
which evidently amounts to rather more than 12 seconds. 
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form of the progressiou in question arising from the fact that 
a clock, which, in consequence of sucli a cause, might become a 
certain fraction of a second wrong in one day, would the next 
day show an error of double the magnitade, of treble th*' 
magnitude the third day, and so on. 

It may also be calculated that in 2,500 years the error pr» 
duced would be about 625 times as great in its total mag- 
nitude as in one century ; so that the exceedingly minut*^ 
retardation of r-^J^^ of a second in one dav would involve 
a displacement of two hours of time in the place of the Mcon 
in 2,500 years, which is equivalent to a space of one degrt^. 
or to about twice the Moon's diameter as seen upon the celestial 
sphere. When this apparent ettect is added to the verj' uearlv 
equal amount by which the Moon's place is changed bv thr 
real acceleration of its movement, the most ancient observa- 
tions are brought into excellent accordance with those of tli' 
present day. 

Here, then, once more, we have an interesting example of tlif 
important results which astronomy teaches us may arise from 
causes not only apparently trivial, but which are such as miffhr 
be supposed to be utterly unconnected with one another. 

Since the Moon travels across the apparent width of its own | 
diameter in about an hour, we may put the above statement 
into a slightly different form, and say ; — that a diniinutioc «•! 
the length of the day caused by tidal friction only amountin? 
day by day to ^,J^ of a second, and which, in 2,500 years, c^ 
913,125 days, would only make the actual length of each dav 
less by ^'^ of a second {i.e., by less than ^Vnd part of a 
second), would by its accumulative effect upon tlie tim^ 
reckoned by a clock, during those twenty-five centuries cau>e 
the Moon to be seen in a given position two hours sooner Thai! 
would otherwise be the case. It would also, in tlie saiK' 
length of time, altt*r the boundiiiu* longitudes upon the EarT-: 
from which an cctlijjse would be seen by \\{S^^^ inasmuch as a 
difference of one hour bv the cluck corresponds to a differen-t 
of 15° of lonfritude.* 

* In the a}>ovc explanation wo have closely followeil that ^ven i'^ 
Sir E. Beckett in "Astronomy witliout Mathematics/' pp. 177 ^^^j \^ 
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To some of our readers it might possibly be interesting 
(altboiigli we think not verj* profitable) to discusB the ap- 
pearanoo whicli the Earth would present if viewed from those 
of the planets which are its nearest neighbours ; w]iat details 
of itfl larger continents and seas might be seen from Mars iu 
iiomparisou with tlie amount of Martial detail which is visible 
to ua; or how far both the configuration of the Earth's surface 
aud the ever-varying forms of its cloud-formations might be 
not only interesting, but very pUKzliug, to au observer upon 
Venus, or even to one upon Mercury. 

But we must, for want of space, refrain from any such dis- 
cussion. For the same reason we are forced to pass by many 
<ither questions which belong to the astronomy of the Earth, 
— some more, and some less, abstruse, — but all important and 
instructive. For further information upon these, larger and 
more complete treatises must be consulted. Tlie on!y additioD 
whicli we will at present make to our previous statements is, 
to insert a few numbers and statistics, not as yet given in 
detail, in a list, which is a]>|)ended below, of some of the 
principal elements of the Earth's size, shape, and move- 
ments. Although the information contained in it is by no 
means exliaustive, but on the contrary only consists for the 
most part of rough approximations, expressed in very elemen- 
tary lauguage, such as may be easily remembered, we hope 
tliat it may be of some use to our readers for the purpose of 
occasional reference. 

The Earth's sidereal year — i.e., the interval of tkne iu which 
it makes oue complete circuit of the 8un — is 3fi3'^56 days, or 
1)65 days 6 hours 9 minutes 9'6 seconds. 

The eccentricity of its orbit is '01677, or about g'jjth. 

Its mean distance from the son is most probably very 
nearly 93,000,000 miles. 

Its greatest and least distances are respectively obtained 
adding to, and subtracting from, its mean distance very nearly 
a ,',th part, and are about M^ aud 01^ millions of miles. 

The corresponding amoimts of light and beat received 
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the Sun by the Earth vary inversely as the squares of thf 
above numbers, and are approximately a8 the aoiobers lC>»i 
15 — i.e., they differ by about ^th or ^-Vth part of either. 

The equatoreal aud polar diameters of the Earth are p'K 
by Airy and by Bessel 

us 7,89!)-170 miles as 7,890-114 mile* 

and 7,925-648 miles and 7.t*25-6l»4 mile? 

the difference being- 
26-478 miles 26-49)) niOw. 

More recent investigations make the difference slighil) ' 
exceed 27 miles; or give as the values 41,852,4l>4 feet li 
41,709,790 feet respeotively. 

A sidereal day is 3 miuuies 55*91 seconds, or verv na* 
3 min. 56 sec, less than a mean solar day. 

The Earth's mean density is about 4 times that of the ^ 
and about 5-J times that of water. 

Its weight is between j-^,, and ^ of that of the Sub. 

The Earth's vohime is only about ^jj^ of that of the Son. 

The Sun's volume is so huge, that, if its centre wrr* * 
the centre of the Earth, its external snrface would be Kif*" 
twice as far away as the Moon. 

The Earth's axis is inclined at about 23^ 27' to a pen*'-' 
dicular to the plane of the ecliptic, from which iocliiul'' 
the principal phenomena of the seasons result. 

At present the spring ami summer quarters of the «* 
each last, in the uortlieru hemisphere of the Earth for IJ* 
days, the winter and autumn for 178if days respectivdT. 1" 
the southern hemis2>here the above durations are iiitercha&r* 

The Earth is now in the nearest point of its orbit to ihe l^ 
about the 1st January, and at its furthest awav about o 
2nd July ; the dates varying by a day or two either 
partly from the irregularity in the length of tbe civil 
involved in the iuteqiusitiun of leap years, and i)arth" fr* 
the |ierturbations of its movemeni caused by the aitractii4u' 
the other i>ianets. After the lapse of about 10,500 vears. l* 
above dates will be reversed. 
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THE PLANET MARS. 



', ft major Mnrlis JHOl i>[j[Mirat imago." 
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Wb must wing oar flight beyouci the orbit of the Earth, to a 
dietAQce which may vary from about 36,000,000 to aboat 
62,00D,0<X) miles, in order to reach the orbit of Mars, our 
nearest ueighbour as we jonrney away from the Sun. Thia 
may seem to be a rather indefinite statement, but we shall 
presently see, that it simi>ly aDirms the orbit of Mars to be so 
considerably oval in shajie, that the distance between it and 
the nearest iwrtion of tlie approximately circular orbit of the 
Earth is in one part nearly 1 * limes as great as in the opposite 
part. And this peculiarity of tht! path of Mars has so much 
to do with the occurrence of those occasions when we can 
best observe the planer, and with what we shall have to 
discuss with regard to it, that we desire, at the very com- 
mencement of this Lecture, to draw special attention t*! it. 

Let us then see, by the quotatioo of a few numbers from the 
tables given in Lecture V., how far we are justilied in the 
statement we have Just made. 

We there indicated that the Earth revolves at a laean </;«- 
lance from the Sim of about 93,000,000 miles, and that the' 
planet Mars has a mean distance of ahont 142,000,000 miles. 

I It follows that, if the Earth and Mars shouhl be at any time in 
the same straight line, or very nearly so, and on the stmw side 

I itt the Sun, they would, if at their respective mean diaiaitat*. 
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from it, be about 142 mmts 93, or 49.<iOO,000 i 
If, on the other hand, ilicv wore ou opposite sides of ibe S 
their distance apart (apon the same eappositiou) irooU 
9Zplus 142, or 235,000,000 miles. 

Now we have already seen, that the Earth's distance ( 
the Snn only variea from its mean value, ic different part 
it« aanoal orbit, to the extent of about IJ millioos of m 
We have therefore neit tn oonaider how far that of Mart 
Taiy, owing to the mncli r^rcatev ovalnesa of its jiath. 

The San ia situated at about -^ th of the distanoe b«4l 
the centre and one end of the principal axis of the orbi 
Hars, which ia ezpreaaal by saving that tlie eccentrieitv o( 
orbit is Tjth. The diatance of Mars, when at its nearest to 
Snn, is therefore only ] :^9,000,00(l miles ; but at its foiti 
from it, it ia 155,000,001) miles; ,\tli of 142,000,Ch:)0 (oral 
13,01 1( 1,1 iO(] miles) bein^ in the one case snbtmcled. am 
the other case added to the mean value of 142,000.000 mii 

In comparison with the difference of 3,000,000 miles beW 
the greatest and leaat distances of the Earth from the I 
this difl'erence of 26,00li,000 miles in the ease of MareJ 
much more iniportant, that, if we only wish to make a m 
investigation {which is all that we are at present attempti 
of the extent to which the distance of the two jilanet^ l 
vary, when in, or very nearly in, a straight lino \tM 
through the Sun, we need only subtract y3,OCHJ,00O miln | 
mean distance of the Earth) from 129,000,000 milea, andfi 
155,000,000 miles, respectively. Tlie resniting dilTerenoe) 
36,000,000 miles and 62,000,0(10 miles. Oar pre^ions sti 
ment is therefore true, tluit the distance between vaii 
poiuta of the orbit of Mars and the corresponding points of 
orbit of the Earth which He between them and the Son, n 
from about 36,000,000 to about 62,000,000 of miles. 

Thia next leads us to the ven,- interesting qneBtioa :— 1 
often will it happen that Mars and the Earth will be 
situated in their res|»ective paths that they will appro 
within, or nearly within, iho smaller of these two distAncee 

As we have already stated, we may, in an appmsini 
calculation, reject the variation of the Earth's distance 
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comparatively trivial. It will, in fact, siiffice, if we calcu- 
late when Mars will be in that ]>art of its orbit in which it 
most closely approaches the Sun, and then notice whether the 
Earth will at the same time be nearly between the two." 
Snch a position of Mars relatively to the Earth and the Snn, 
when it is as nearly as possible in the stniigbt line joining them, 
but upon the opposite side of tbe Earth to tlie Snn, we sliall 
denote by the technical term Opposition. 

Having jiremised thus much, let us investigate how often 
espi'cin/ii/ near a|)proac!ies of the Earth and Mars will recat, 
when the latter is in Op]iosition to the Hun, supposing the 
Earth's orbit to be circular, and that it is only the ovaluess 
of that of Mars which need be considered. 

We first of all notice, that, the period of Mara round the Sim 
bciug 687 terrestrial days, or abont 4'-i days leas than two of 
our years, the planet will be at its aeareat to the Sun, or, in 
more technical language, in its Perihelion, once in every 687 
days. Let us imagine the Earth to pass exactly between the 
Sun and Mars very nearly at a, date when Mars is so situated. 
Tlien the two will make an eapecialhj close approach to one 
another. This was the case, for instance, in the autumn of 
the year 1877, as is indicated in Fig. LX., in which the 
point, V, is the Perihelion of the orbit of Mars, while the line 
marked 1877 .joins the places of Mars and of the Earth early 
in the mouth of September of that year. 

Mara having therefore approached particularly near to the 
Earth, when seen in Opposition to the Sun, in 1877, what we 
have next to determine ia : — How soon can it and the Earth 
figaiii occupy similar, or nearly similar, relative positiona ? 

To do so, we must next observe that, while the Earth 

* If the Earth could nlwi at tbe utmc time be very nearlj it ita 
'jmitesl ditlaacf from the Sun, the above-mentioned 313,000,000 of miles 
mit;bt )>ecoroe more nearly 34,000.000. In tbeae dayii, the dutaiuw i» 
occasionally leas than 30,000,000; as in I8T7, when it wu about 
3.'i.0tJ<>,iXH I of miles; but it would take an almost incoaceifably long 
coutHC of ajjea, before the exceedingly slow movementx of tbe Perihelu 
of tbe two orbits {P and p in Fig. LX.) would allow the Earth to bo in 
its Aphelion, and Mara in ita Perihelion precisely together ; ao that tb« 
nearest approach of the two ever poaniUe might exactly occnr. 
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would travel ouce round the San, Mars would go somewtul 
more than half-way ronnil. By tlie time that the Karth w.wW 
have completed a second circuit — that is, by the entl of ?3(ii 
days — Mars would have performed about ,'f more than one 
wliob) circumference of ita orbit, of which it wotdd havf 
finished one complete circuit about 4a days previously. Sow 
the Earth does not journey quite so quickly as Mors in in 
angular motion round the Son ; it would therefore, beftn 
overtaking Mars, describe rather mori' than J-tb of h '^rJ 
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circumlerence; in doing which it would occupy upon •■ 
average 50 additional days. Consequently, at the end of 78" 
days, or 03 more than one whole revolution of Mars, the E«li 
would once more be between the Sun and that plauet, or, il 
other woivls, Mare would be seen is Opposition agaJD ; it beinf. 
however, by this time about 93 days' journey further »wij 
from p, the point of its orbit in which it is at its nearest W 
the Sun. The line marked 1879 in Fig. LX. indicate* lb* 
actual occurrence of this event in November 18T9. 

The next subsequent occasion when Mars would be is Qp- 
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position, as seen from the Earth, would be at the end ofaboat 

780 days more, when it woidd conseijuently be about twice 9:(, or 

186, days from its position of nearest approach to the Son. This 

IB shown by the line marked 1881 in the figure. In like manner 

there wonld be Oppositions in 1884, 1886, etc. Bnt the time 

of one whole revolntion of Mara in its orbit Iwing 087 days, 

it follows that, at the date of the seventh sncceeding Opposition 

after that with which we began, Mars wonld have advanced 

, (a]iart from any irregularity in its velocity ) eaJths of the whole 

I way ronud its orbit ; and at the date of the eighth 0])p08ition 

I J^ths of the whole way roand (6»1 being 7 times U3, and 744 

t being 8 times 03). That is to say, it would on the seventh 

() occasion be rather short of having again attained the position 

" from which we supposed it to start ; while on the eighth it 

would have passed somewhat beyond it. 

In either case it wotild not be very far from its nearest 
approach to the Sun, and consequently to the Earth ; and, if 
allowance be made for the variations in its speed as it travels 
in its orbit, as also, if it be not quite so close to its Perihelion 
to begin with as we have supposed, it may liappeu that 
either the seventh, or the eighth Opposition, may be the next 
at which an eB{)ecially close ajtproach to the Earth will again 
occur. 

After this it will be necessary to wait for the nest occur- 
xence of such an event until seven or eight more Oppositions 
shall have taken place ; and the interval between two a«c- 
ceBsive Oppositions being, as we have shown, about 780 days, 
it therefore results, that unusually near approaches of the 
Earth and Mars occur at intervals of seven or eight timea 
) this number of days — 1>., after abont .5,400 or 0,240 days ; — in 

* other words, either after the lapse of verj' nearly \'i years, or 
' ail«r rather more than 17 years. Fig. LX. shows that the 
> positions of the two planets on the occurrence of the Opposition 

• of 1877 were snch, that the seventh succeeding Opiwsition 

• in 1892 is that which will involve their next es|iecially close 
■ approach; inasmuch as that of 181)4* would be situated c^n^ 

* * The place of ihe lioe repre«enting that of 1H94 would Ij« nenrly t 
|t tbiidg of the way from the line nurked IBT? towardn that marked 
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siderably further beynnd the Perihelion, i; than that of 1W'.*2 
fftlle short of it. 

If the time of the year at which Mars is thus especially near to 
the Earth he also such as to give the planet an altitude above the 
horizon of any given place which enables it to be well obser^-ed, 
its brilliancy will be exceedingly striking; and details of its 
surface may be detected, which it may be very difficult to see, 
or which may be altogether invisible for fifteen, or sevenlceu, 
years to come. It is mentioned, for instance, in Chambers' 
" Handbook of Descriptive Astronomy," that De Zach titates 
that in 1719 its brightness was so extraordinarj- as to cause a 
panic. The ruddy colonr of its light, for which, accoi-ding to 
the most ancient records which we possess, it has always b<f n 
celebrated, also becomes at snch times es])ecially remarkable 
in naked-eye observations. This was very evident in the 
remarkably near approach of the year 1877 ; a year which, as 
we shall presently show, will he memorable for many reasons 
in the history of this planet. 

We have already pointed out that it seems, upon the whole, 
more easy to conceive that beings somewhat akin to ourselves 
may exist upon a planet at a considerably greater distance ftvtm 
the Sim than tlie Earth, such as Mars, than upon one which is 
situated nearer to it. such as Venus or Mercnrj', It is there- 
fore verj' interesting to find, that the telescope I'eveals many 
more points of resemblance to the Earth in the case of Mars than 
in that of either of these two last-mentioned planets. 

As we have stated in Lectures VI. and VII., we know 
practically nothing of the physical cliaracteristics ofVenns aD<t 
Mercury, owing to their becoming more and more involved in 
the glare of the Sun as they appi-oach their nearest [lositiontt to 
the Earth ; and also, in the case of Venus, in consequence of 
the cloudy envelope witli which it appears to be surrounded. 
On the contrary, there is not the slightest doubt as to our 
being able to distinguisli many physical features and details 
of the highest interest upon the surface of Mars. When M«r* 
is at its nearest to the Earth, it is true tliat it is about elevt-o 
millions of miles further from it than the nean^st disMuce 
within which Venus may approach ; but this comparative 
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(lisadvaDtage is far more than compenaated l)y tlie fact that 
Mars, teiug iu Opposition, is at the samo time iu its verj- best 
position for observation ; that is to say, it is then seen upon 
the meridian at midnight at its greatest altitude in the 
heavens, and it is liigh above the horizon during all the dark 
hours. 

What then, let as ask, may ]>e observed at such a time iu a 
powerfiil tele8C0]>e ? Certain darker markings or shadings 
upon the surface of the planet are at once noticed ; which, 
however, occasionally appear to be of a slightly greenish hue, 
in contradistinction to the ruddier tiiit of the surroimding 
parts. These markings are found to be constant, or nearly 
constant, in form, although subject at times to some amount 
of temporarj' obscuration. As observation has become more 
painstaking, and telescopes hare been improved, it has been 
found possible to recognize an iuereastug amount of detail, and 
to construct more or less accurate maps of the surface of the 
planet. In these mapsthe darker markings are named oceans, 
seas, gulfs, bays, or inlets, on the supposition that they are 
portions of water ; while the intermediate regions are termed 
capes, continents, or islands. 

Each portion of the surface is, of course, best seen when it is 
turned directly towards an observer, or nearly so ; i.e,, when it 
is on. or nearly on, the centre of the planet's apparent disc. 
At other times it appears foreshortened, and may be so far 
distorted iu its apparent shape, that it is difficult even fur a 
practised observer to recognize it. 

An approximate value of the rotation-period of Mara upon 
its axis may be very easily obtained by noticing the interval 
which any small and decided mark upon the disc, or the central 
point of any larger one, occupies iu passing once round, before 
it retlirns to a similar jiosition again. For a more accurate 
determination it is well to take a much longer interval, in 
which a large nimiber of revolutions have occurred, and to 
divide the interval by that unmber ; a procedure which propor- 
tionally lessens the eft'ect of any slight errors of observation. 
For this purpose the ancient drawings of the marks seen 
upon the planet by the celebrated Professor of Geometry in 
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Grb^ham College, Dr. Hooke. made more thao t 
years a^o, and others of not much less aotiqaitT, hare pr 
very valuable. Theyhavi' incontestably demoustmted tlid 
principal markings are of a permaDent oature, so tbM 
can compare, with great exactness, the positioDs int» • 
they were then bronght by the rotation of theptanet,' 
those in which we now see them at any given moment. 

From such comparisons (which have been made with fp 
care by Mr. Proctor) it is found that twenty-joHv htmrt A 
$even minutes twenty-tico and three-quarter secondg is u 
ceedingly close approximation to the true rotation-prrM 
Mars. The year of Mars being nearly double onr own, i 
we think, all the more remarkable to find that its day and 
day are 80 nearly of the same duration. As the lai^erplu 
Jupiter and Saturn, rotatt'^ much more rapidly than the G 
(the one in just under ten hours, the other in about tean 
half), it might, perhaps, have been imagined that 3Iar^ b 
BO much smaller in size, wonld rotate so much the more sloi 
hat this is not the case. While we can say veiy little abort 
rotation-period of Venus, and still less as to that of ile« 
we can ai£rm with the utmost certainty that the excess dTI 
of Mars over that of the Earth fells short of thirty-d 
minutes. 

It may, however, be very fairly asked, whether we are eoi 
justified in asserting that the darker markings upon the pji 
are assuredly caused by water, ao that they really indicsCK 
localities of seas and oceans ? 

Tlie analogy of the Earth, and the general impressioa i 
veyed to the eye, may suggest this interpretation of them ; 
some more positive testimony may be demanded. 

If 80, we reply, in the first place, that we are frequently i 
to detect temporary obscurations of considerable porti(nu 
the surface, which we may, with much confidence, ascribi 
the effect of clouds overs liadowing them; and that, if tl 
are clouds, there must be water. 

Again, we find that the markings near to the edge of 
disc are always comparatively indistinct, or obscured, ow 
almost undoubtedly, to the greater thickness of atmospl 
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tlirongli which they are seeu. The non-existence of any appre- 
ciable atmoBphere would ( as in the case of the Moon) l>e opposed 
to the existence of water ; itfl presence confirms it. We also 
find that the liemispbere of the planet which is enjoying 
sommer, in which the weather might be expected to be drier 
and less overcast, is much more clearly seen, as though it were 
more free from aqneous vai)onrB and cloud, than that which is 
passing through the season of winter. 

Moreover, if we test the light received from the planet by 

I means of the 8i>ectro8cope, and compare it with that received 
from the disc of the Moon," when the two are seen nearly side 
by side ; the former shows dark lines, representative of watery 
vapoar, which are wanting in the case of the latter. 
We have, therefore, abundant indications of the existence of 
\ water upon Mars ; and, as there is no doubt that water would 

t' reflect much less light than land, we are amply justified in 
believing tliat the darker markings are caused by its presence. 
Their occasionally greenish tint may afford some farther con- 
[ firmation of this opinion. 
r But, in addition to all the above reasons, there is one more 

* convincing still. It has to do with certain brilliant while spots 
■ which involve, and surround to a certain distance, the North 
t and South Poles of the planet. As the summer progresses, in 
II either hemisphere, the spot belonging to the corresponding 
P pole i-apidly diminishes in size. On the other hand, as the winter 
I progresses, it undergoes a great increase and extension. It is 
! also noticed, that the variations of size in the southern spot are 
1^ greater than thosi- of the northern one (as is also the case upon 
' the Earth, see Lecture VIII., p. 190) ; a coincidence esi>ecially 
" important when we remember tliat the summers of the southern 

hemispheres, both uf Mars and of the Earth, occur in those 
I halves of their resjiective years in which they at present pass 

• through their nearest approaches to the Sun. We are, more- 
I over, able to watch the increase and diminution of the southern 
I polar spot with peculiar facility, because the south pole is 
I tbat which is inclined towards us whenever the i>roximity of 

I * Such n comptLriBon ww made bj Dr. Huggins ; Bee MmUhly Notiets 

Lr. a. S. tot March 1867 (vol xxvU., p. 178). 
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Han to the Earth is uuusually close, as it was i 
1862 and 1877, and a:* it will be iu 1S92.' And, w 
watch this soathern spot, we often notice, at snch t 
aiderable amotint of irregnlnrity in its contour ; a» is shont 
the drawings of the ]ilanet in Plate VII. 

Upon the hypothesis which we may presume has alnd 
suggested itself to our readeri;, — viz., that tliose {tolor spctti 
composed of snow, — such irregularities may be asorilxd 1 
differences of eievntion ; the hills and mountains of gMK 
altitude remaining covered with snow, while thoee of ii 
■elevation are denuded. Moreover, a few smaller outlying^ti 
spots may be seen, wliicli x>robably indicate isolated nKoli 
peaks somewhat further removed from the jioles. 

It is also worthy of mention, in this couuection, tbata 
other remarkable -white spot, to whicli the name of Hrf 
Snow Island has bc^en given, lias been observed from dm) 
time when the planet has been favourably sitaat«d. fli 
island, which is far removed from the pular r«ciots 4 
situation being in ubciit iii" of south latitude), may esnhh 
found in the chart of Mart which forms our frontisiiiece. B* 
seems to be very little doubt that there is ujhiu that iid 
some \'eiy lofty mountain which is always covered with nA' 

Apart, however, from any such additional details as iboti 
must, w« think, be conceded, that the alternation of hkh' 
and dec/tase in winter nnd summer, of both polar spots, oM 
bincd with their estremely white and brilliant aiipesiautt-^ 
brilliant that one uf them has occaBionally been visible ni^ 
telescope when a fog iu the neighbourhood of the obsemrll 
hidden all the rest of tlie ]jlanet from his view — affords aW 
indubitable proof tliat they are caused by snow. If MLibi 
can, we think, be little doubt that the darker tracts dim A 
phtnet's disc are really covered by water. 

* Another rtmarkable jieculiiirity of the Boutbem polnr spot alio da*" 
Hpecial iittvntion ; viz., tbat it docH iiut nppear to be concentric with A 
oxiH of the pliuiet. while the northern oae is verj- nearly »o Uln' 
diacropancy iihould exist we cniinot say. It ninv poNHihly atitr tnm * 
local effect, dependent upon the distribution of land and water critM 
be doe to oceanic and ttmuxpher' 
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We may notice in the cliart of Mars (see frontisjiiece) That 
there appears to be a polar sea surrounding, or approximately 
surrounding, each polar snow-cap. It is, however, very diflicQlt 
to iletermine the details of the planet's surface so certainly as 
we could wish in its higher latitudes ; jiossibly owing to the 
l>reviileDce of polar mists and fogs ni>on it. This is the 
ease even in the southern hemiajiliere, although, as we have 
jilready mentioned, we are acijunioted with that hemisphere 
as a whole much better than we are with the other half of 
the planet, in consefjnence of the sonth pole being inclined 
towards the Earth whenever Mars most nearly approaches it. 

Very interesting drawings have been made from time to 
time of both hemispheres by many skilful observers, by the 
(careful comparison of which a really surprising nnmber of 
details, extending to high southern latitudes and to a more 
moderate distance north of the planet's etjuator, have been 
authenticated. Amongst the most successful sketches of a 
ilate previons to the near approach of 1877, we may mention 
those of Messrs. Dawes and Lockyer. From the esamiua* 
rion of a large nnmber, many of which were by Mr. Dawes, 
while others were by earlier observers, a most excellent. 
and now well known, map of the planet was some years 
since published by Mr. Proctor, copies of which may be found 
in -several of his popular and instructive works niK>n astronomy. 

More recently, in 1877, and again in 18Ty, veiy many 
additional drawings have been made. From the careful atten- 
tion which has been given to tlicae by M. Terby, of Louvain, 
we hope that conclusions of much importance may be deduced. 
In our own opinion, the most beautiful of all the drawings 
yet published are those of Mr. Green, a Fellow of the Royal 
Astronomical Society, and a most ardent amateur of astronomy. 
In order to obtain the beat jwssible view of the planet, he was 
90 enterprising as to take a large reflecting telescope to the 
island of Madeira iu the summer of 1877, where, night after 
night, he made his observations ; and, happily possessing great 
artistic power, depicted what he saw with the utmost skill 
and accuracy. 

By his kindness and that of the Council of the Royal Astro- 
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nomical Society, three of his sketches (the darker markings 
in which represent water) are appended in Plate VIL, as well 
as the full-size copy of his Chart of the Plauet upon Met- 
cator'a projection, deduced from his own and from many 
other drawings, which forms our frouti'spiece. In this oo 
detail is inserted which has not beeu confii-med by at least 
three independent observers. The chart and twelve views of- 
the planet, tinted by chromo-Hthography, were originally 
published in vol. xliv. of the Memoirs of the Royal Astro- 
nomical Society. The copy of the chart in black and white, 
which we have been permitted to use, is from the original 
lithographic stone, which was fortunately found to bi 
tact, and was most kindly placed at our disposal by Mr. 
Green. For this great and unexjwctcd favour the author of 
this lecture desires to express in the warmest terms the 
gratitude which he feels. He is yure that the more this 
very beautiful map is known by the public, the more will it* 
merits be appreciated." 

It may be well to compare some features of special interest 
in the three views in Plate ^'11. with their surroundings in the 
chart. The longitude of the centre of the first view is '•''. In 
it Dawes' Forked Bay is seen rather to the left, of the centre j 
above which bay, extending still further to the left, is Philliiis' 
Island, Miidler continent occupies a considerable i>ortion of the 
right-hand part of the lower half of the drawing, and above it is 

* It mn_v \ie noticed thnt in Mr. Green's chart there are only u few 
occagional and faiut indications of certain numerous and ver}- remarlalile 
HO-called canals, which Professor Scbiaparelli, at Hilau. in the latter part 
of 18T7. and again in 1879 and It81, has seen apparently running in 
SDcb directions that thej split up into many smaller divisions the lins 
of continents, whicli otherwise would occupy the greater part of tfa* 
eqaatoreal regions of the planet. The moat remarkable point con- 
nected with these peculiar features of the surface (if they really exist, 
and are not. more or less, the effects of an optlual delusion, or of current* 
in the atmosphere of Mars) is, that they were leas evident when Mars wat 
at it8 nearest to the Earth in 1877, thiin when it had moved ait-ay (o a 
somewhat greater distance. They were ahw even more clearly seen bf 
Schiaparelli in 1879, when the planet was still farther from the Ekrlh ; 
while in 1681 (as U sIiowd id n nomewhat rough but veiy tntcrMtiiy 
drawii^ by that learned Professor, which is reproduced in Naturt tit 
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Christie Bav, somewhat foreshortened. Hall's Snow Island is 
hardly uoticeaUe, bat it comes out very distinctly in the next 
view (in which the central longitade is 43"). In this it may 
be also observed that the dark SchiapareUi Lake, situated 
nearly in the same latitude as the above-mentioned island, and 
to the right of it, together with Terby Sea still ftirther to 
the right, form with the surrounding land a most peculiar 
resemblauce to the head, eye, and ear, of a dog, or other 
animal. 

The third drawing (in which the central longitude is 243°), 
represents by far the most perfect of all the views of the planet 
which Mr. Green obtained. The most prominent feature in it 
is the Kaiser, or (as it is sometimes termed) the Hour-glass 
Sea, from the lower part of which runs off the narrow Nasmyth 
inlet. Lockyer Laud, and some other lands, are well seen in 
the upper portion of the view. Many very important half- 
tints also prove how excellent the state of the atmosphere was 
at the time when the drawing was mmle. Dawes' Forked Bay 
may be noticed uear to the right-hand side of the view; thus 
showing that, in our brief descriptiou, we have completed the 
circuit of the planet. For an interesting discussion of many 
other details we refer our readers to Mr. Green's original 
memoirs. 

It will be noticed in the views in Plate VII. that the 
iilumiuated disc of the planet is of a circular form, since they 
May 4th, l>^-i. and in the French periodical L'Astriiuimir far August 
18H2) they appeared to be in many caaea iloubU ; bo us to consist of two 
narrow lines running paraUel and very near to one another. What should 
have produced this duphcation, or why it should be more vixible id 1881, 
even in the clear air of Italy, when the planet was so much further away 
than in 1877, it is difficult to conceive. Il must, however, be allowed 
that iu the drawingi^ of other observers there are occasional confirmatinnM 
of iome of these supposed canals. We think, however, tlint Mr. Qreea 
WM quite right to omit them when he drew his i^hart. nor should we btt 
as yet inclined to insert them, although they seem to have been, not 
only once or twice, but often, so verj- distinctly seen by Profewor Schia- 
pareUi that they are deserving of the most careful attention. It has, we 
believe, been recently suggested, that possibly temporari- inundations of 
water may have had (omething to do with some of these apparent varia- 
tioDs in the geographical conSgnration of the planet. 
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nfer to dates very near to the time of its Opposition. It may, 
hovever, be well to mention that this would not alwara be its 
shape. Sach a planet as Japiter is so distant from the Earth 
that the change of phase by which its disc occasionally 
appears to fall very slightly short of a complete circle is alniOBt 
too small to be detected ; while that of ^turn, or of any 
more distant planet, is qittte inappreciable ; bnt Mars is, 
comparatively speaking, so near to us, that its change of phase 
is at times very noticeable. It must, however, be remembered 
that, its orbit being exterior to our owd, its phase does not 
vary from that which we see in a Full Moon to that which 
belongs to a New Sloon, but only diminishes to some extent 
from a circular form, and then begins to increase agaio. 
Wheu the planet is in Opposition to the Sun and at its nearest 
to the Earth, its illuminated disc is circular. When it is npoa 
the opposite aide of the Sun, in Conjunction with it, and at its 
greatest distance from the Earth, it would (if visible) be bIso 
circular, although very much smaller in diameter. In inter- 
mediate positions one-half of its illuminated disc falls some- 
what short of a circular form, the diminution being greatest 
when the planet is in quadrature — i.e., when it is seen in a 
direction at right angles to that of the Sun. It then presents 
aji appearance similar to that of the Moon when it ia three 
days from being full ; one tUameter being about iths of the 
length of the other. 

We must, however, hasten on to speak of various other very 
interesting questions connected with the physical condition, of 
Mars, although the space at our disposal will only allow ns to 
allude to them with the utmost possible brevity. Why, it 
may be asked, is its light so red, that from ancient times it 
has been associated with wars, and stratagems, and toils ; that 
Propertios calls it "the savage star of rapacious Mare;" 
and that Dante, as he describes the heaven of this planet, 
declares : — 




■' Wiih him Kbiilt thou see. 
That mortal who was at bin hirth imprest 
So mrongtj with this star, that of faifi deeds 
The nations shftll take note " J 
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We mnst confess that we can give do satisfftctorj- aDswer 
to such a query. Some who have tlionght niton this aiibject 
have suggested, that a peculiar ami prevailing tinge of the 
vegetation upon the surface of liars may produce its ruddy 
hue. Others, that it may be due to a large amount of red 
sandstoue among its rocks, or of red earth in its soil. But uo 
exi)laiiation yet given really meets the difficntties of the case, 

The iuclinatioa of the ei|uator of Mars to the plane of its 
orbit round the Sun (a matter of some doubt) has until 
recently been considered to be about 27^^°. If so, the pecu- 
liarities of its seasons would not be very different from those 
of the Earth, with the exception that they would be slightly 
intensified ; its arctic circles extending only some four degreea 
further from the poles (or rather less), and its tropics the same 
distance further from the equator, than our own limit of 23^°." 

At auy rate, so far as the question of the habital)ility of 
Mars is concerned, we may say : — Its day ia ouly a little 
longer than our own : its surface is varied by land and sea, 
by snow-clad mountain and arctic ice: its temperate and 
tropical zones are not very diflerent in extent from those of 
the Earth. But, at the same time (as may be seen from 
Mr. (xreen'a chart), the proportion of land compared with that 
of water is probably much greater ; so that there is about an 
equal extent of each, instead of one part of land to three parts 
of water, as upon the Earth. The chart also indicates that 
the water frequently winds amongst the land in long inlets, 
and that it may be in general possible to journey the greater 
part of the distance between any two given localities by water.f 

On the other hand, the year of Mars is very much longer 
tlian our own. Moreover, as a consequence of the ovalnesa of 
its orbit, the number of days in its successive seasons mnst 
greatly vary. This is the case to auch an extent, that in the 

* We ander^taiid thnt Professor Schiaparelli has recently deduced an 
inclination of mtber less than 2u°. which would caiue the climatic » 
to correspond almost exactly with those of the Earth. 

+ Some modifications and addltioDs must be admitted into the above 
statement, if the exL'«tence of Buhiaparelli's canals be confirmed, and if 
it be allowed that they are formed by water. 
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Dortberu hemisphere there are 372 Martial days in the gummer 
half of the year, while iu the whiter half there are only 29fl; 
the lengths of the four quarters being respectively ; — of the 
spring, 191 days ; of the summer, 181 days ; of the autamn, 
149 days ; and of the muter, 147 days, Iu the sonthern 
hemisphere the duratioue ai-e of course intcrchauged. 

Such a vanation iu the leugtli of the sessous. although 
couaiderahle, would, however, not be very troublesome. And 
the smaller amounts of heat and light which are receiTed by 
Mars might coincide with a slower growth of vegetation and of 
the crojts, so that a year and seasons of about double the length 
of our own might be very convenient. There are, nevertheless, 
other reasons connected with the diminished amount of solar 
light and heat, to which we have just referred, which, iu our 
opiniou, involve the question of the habitability of Mars in \-ery 
considerable difficulties. 

Upon an average this light and heat would only be of an 
intensity equal to ^Vo^^^i <*'' i^thcr more than Iths, of that 
which the Earth receives, which may be shown as follows : — 
The Sun would present to an observer upon M&rs a diameter 
about two-thirds of the size of that which it exhibits to us, 
because Mars is at a distance from it equal to about 1 ^ timet 
that of the Earth ; and the light and heat received would vaiy 
as the surface of the apparent disc, i.e. as the square of Jrds, 
or nearly as Jths ; the more accurate value being, as above 
stated, TVfft^B- 

In the preceding paragraph we have used the expression 
'■ upon an average," because it must be rememlwred, that & 
considerable variation in the above value would also be caused 
by the ovalness of the orbit of Mars. Its minimum distance 
from the Sun being 129,OOU,000 miles, it« mean distance 
142,000,000 miles, and its maximum distance 155,00u,000 
miles, there would be a corresponding variation iu the Sou's 
apparent diameter of about ,'i^th part of its mean Mdue. In 
other words, the diameter of the Sun's apparent disc, at 
different times in each Martial year, would be as the uuniben 
10, 11, and 12. Tlie light or heat received would be as 
the squares of these umubers, \.e. as 100, 121, and 144 ; or 
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nearly aa the nnmbere 5, 6, am! 7 ; i.e. it woald sometimes 
be inci-eosed, and sometimes diminished, by a sixth part of its 
tnean iDtensity. 

But such a variation is not excessive. We need, therefore, 
only take into consideration the average amount of light or 
heat which the planet receives. And the habitability of 
Mars, as far as this \mut is concerned, really depends upon 
the answer that may be given to the following query ; — 
Can we suppose that beings such as ourselves, if there be no 
other obstacle, could exist with somewhat less than one-half 
of the solar light or heat that we enjoy? We think that 
the answer mnst certainly be, Yea ! 

When we consider how readily man can adapt himself to an 
arctic or to a tropical climate ; when we compare the average 
temperature in which a Greenlander, or an Esquimanx, can be 
contented, with that in which the Papnan, or Central African 
negro delights ; we are inclined to think, that it would need 
no very great modification of bodily constitution to enable a 
man to live on Mara ; especially if there were something in 
its atmosphere, or in its physical conditions, which might 
prevent the cold from being so great as it othei-wiae would be. 

And it has been suggested that this must be so, because 
the snow-caps do not extend by any means bo far from the 
poles as we should have expected would be the case, when we 
remember that the greater distance of Mars from the Sun, if 
in other respects it resembk-d the Earth, is such as would 
produce an average temperature upon its equator no greater 
than that which is found in about 6^" of north or south 
terrestrial latitude. 

At the same time we must confess, that we perceive no signs 
upon Mars of any specially dense atmosphere, lieavily laden 
with vapoura, such as might retain, and (so to say) hoard up 
the heat received. The mists, or clouds, which we see are in 
general thin and transitory ; and other ohservations of various 
hinds all combine to indicate, that the apparent absence of 
frost and snow is accompanied by a rarer, rather thau by a 
denser, atmosphere than that of the Earth. Moreover, it 
would be according to all analogy to suppose, that a glol 
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mnch smaller than the Eartli shoitld be enveloped lifipn; 
tionately less extent of atmosphere. At the same timti 
mach smaller attraction of gravity upon Mars, qnite iff 
from any relation between the whole mass of the atmocfh 
and that of the planet, wonld caose any j^T«n qnsDtitT dm 
extend to a mach greater height, and to posiesa a mod 1 
density in its lower layers. Upon each square inch of i 
Earth's surface the pressure of the atmosphere smonnH 
about fifteen pounds avoirdai^is ; npoD Mars (if tlie a 
amount of air, instead of a proportionately leas amoont, i 
superimposed upon each sqnare inch of its snrfEice) the piM 
would only be about 5g poonds, so that the surface dennr 
the atmosphere would l>e barely yths of that to vhidi 
are accustomed. It would, in fact, be less in the same pn| 
tion as the attraction of gravity is less upoD Mars than ■ 
the Earth, and would be nearly equal to that of the air iH 
is met with upon the tops of onr highest mountains. li 
addition, tlte total amount of atmosphere were reduced id 
proportion of the mass of Mars to that of the £arth, the den 
would be much farther diminished.* 

But it may be askecl : — Is it not because of the lapid n 
tion of beat due to the rarity of the air upon moantain 
that the moisture precipitated upon them takes the fon 
perpetual snow ? althoagh, the rarer the air, the more fi 
do the incident rays of the San i>asB through it. In fact, if 
atmosphere npon Mars is very rare, would not the resoli 
an intensification of cold, and a consequent great extensio 
the polar snows, with an occasional deposition beyond I 
ordinary limits, of such large quantities of snow as woolt 
verj' easily seen by mcantj of our telescoi>e8. Some i 
effects are doubtless occasionally observed, but thev are 
less important or extensive than we might reasnnaldr «'X| 

• Some of the above reaRoriH for the probable mritv of the di-n-i 
any atmosphere of Mnrt> are more fully dtHCusiied in a verity of vrn 
and iiituri'wting articles, pulilisbi-d in thf J;inuary. Fobruarv. an>! J 
numbers of tlio SKiirhig M-j,n.,..- for \^Vl. by Mr, Mimn-K-r'. WR.X 
the Koyal ( )bs«rviitorj-. (iiveiiwieh. lo »ho-i' i-lianiiin^ ('X|>1:m:iii'V 
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How then ia this discrepancy to be reconciled with the sup- 
position of the rarity of the planet's atmosphere ? 

It may lie replied that, the cold mnst undoubtedly be very 
great if the atmosphere is rare, but that, owing to other causes,* 
there is not anything like a similar amount of cloud or vapour, 
rain or snow, upon Mars to that which Ihere is upon the Earth. 
In a rarer atmosphere v-apour would not rise or be diffused so 
rapidly, and atmospheric currents would be much weaker ; so 
that the vapours formed over the seas and oceans would have 
a tendency to hang over the regions where they were generated, 
instead of being blown away as clouds, to fall upon the con- 
tinents after a while, in a re-condense<l form, as snow. 

Possibly, in some such way, the absence of a general cover- 
ing of snow, extending much further from the poles than 
appears to be the ease, may be explained. There are, however, 
many dit&cnlties involved in the whole question, which we must 
not discuss any further. We can only say, that, if the atmosphere 
upon the surface of the planet be of less than two-fifths of the 
density of that to which we are accustomed, or possibly of a 
much rarer density still, any beings who may breathe it must 
be of a decidedly different constitution from ourselves. 

It seems, therefore, u[K)n the whole, most reasonable to 
suppose that Mars, as a smaller planet than the Earth, may 
have passed more rapidly through its process of evolution, and 
be now no longer so suited for habitation as it may once have 
been. At the same time we must allow, that the difficulties 
connected with the supposition of the habitability of Mars by 
beings not altogether dissimilar from ourselves, are, so far as 
we can judge, less formidable than in the case of any other of 
the planets. 

It may consequently be not altogether ont of place to remark, 
that any such inhabitants, if actually existent, would probably 
he of a considerably larger build than those who people the 
Earth, and might, therefore, in their larger bodies maintain a 
higher temperature than ourselves, and for their larger eyes 
need less light. The supposition of their larger size is, of 

* See the articles, previou.ilj' referred to, by Mr. Maunder, in the first 
three numbers of the SnnHai/ Mugaziitr for 1882. 
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eoane. ussvat with tl^ iliiiiiiiiArJ attaftioe rf | 
Vt vbii h ve h«T« prwioailj r e fa rw ^ vlneb mold ( 
man V- .zhrnf ten eUmc Wiie to ■q g h k** tfau lixr rtaW 
npMi )I»r«. •»! eaable ow fifloea feet lu^ to Iw u ligbl sAd 
agik ai- » nun six trtS. ]agh woU beapoo Ok Eanh. 

Id c< li [i-ixtioo with the above w fa mef tn iIk dnnimttuM of 
the att-Ti'ti/m of the foroe of et«vitr njxm ih* «iA« of Man. 
— a re* Ji which depends opon it» size ma wrfl bs opoo it» 
deacitj— it msr be wvH to mentioo, thai the planet is naUf 
nniJIei- 'hma thi? ocrasiooal brilliaocy of itn Ueht mkiht tarn 
many ]- n^r.B« to sopfxwe ; it* TiJnme beiog wnlj al<0fit ~0k q| 
that of Th» Earth, uid it* wngfat between ith and ^th. 

It is. indrndrAmiDevfaatcanoiu &ct that, as time has goM 
ou. HOC '"Asire oba cr r a tiona hare givat smaller aifl smsUrt 
ralaes U'T the diameter of the planet. Il may W remembejwl 
that w- -tatcd that this was also the case with Veoas. In both 
iiiHtan('»-, ihi» restJt is pr>bah]y reUtM to the Lrradiatioo 
which surrouDds the bright images seen id a telescope, ftom 
which the measures of their diameters have been made. The 
better the telescope emploved, the more afcuratek can the 
bonndar}- of their discs !«■ determioed, CocseqaeDtly th« 
coDtinned iiDprorement in luoclern iiistnimeuts has dimiDished 
onr estimates of their size. The diameter of Mars is no« 
believed to measare aboat 4,200 miles, or between that anJ 
4,3<Kl miles ; instead of 4,800, or 4,900 miles, which was nnti 
recently the acc«iited estimate. 

It shoald also be remembered, that thi* diminatioD in tin 
valne assigned by recent iavestigatioDS to the distance of thi 
8un from the Earth diminishes our estimate of the distances o 
all the planets, and consequently of all tlieir diameters wbici 
have Iwen deduced from those distances combined with the! 
apjtarent sizes. If, for instance, we alter the Son's distaoo 
from y5,()00,0<W miles to 93,000,(KJO miles, we must take ^thi 
off onr previous value for every jilanet's diameter. We havi 
mentioned these facts lest any of our readers should 6nd i 
diliNcnlt to reconcile the values assigne<l to the diameter o 

ir» iu text-books of a few years since, witli some of th 
ments made in this lecture. 
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We will now give a short account of what is undoubtedly 
one of the greatest, as well as one of the most recent, triumphs 
of astronomy. We refer to the discovery of two moons, op 
satellites, of Mars in the year 1877. On the night of August 
11th, 1877, Professor Asaph Hall was searching with the 
magnificent refracting telescope of the Washington Naval 
Observatory, in the neighbourhood of the planet, with the hope 
that the application of a more powerful and effective instrument 
than had ever before been used for its observation, combined 
with its especial proximity to the Earth at tlie time, might 
enable him to discover a satellite, if one should exist which, 
owing to its small size, had not been previously seen. It is 
very remarkable that he almost immediately perceived a small 
star-like object, at an apparent distance from Mars equal to 
between two and three times the diameter of the planet's disc. 
Perhaps we can best indicate the skill and ability with which 
the discovery was completed and confirmed, by the following 
quotation, which is taken, with a very slight alteration, from 
Professor Newcomb's " Popular Astronomy." 

"On the night of the 16th of August this small object was 
again seen ; and two hours' observation showed that it followed 
the planet in its apparent orbital motion. This showed con- 
clusively that it was not a fixed star, and must therefore be a 
satellite, unless by chance one of the group of small planets 
between Mars and Jupiter happened to occupy this position. 
Upon examining an ephemeris it was found that the small 
planet Europa was calculated to be only two or three degrees 
distant from Mars, and if the ephemeris were erroneous by 
this amount, the object observed might be this very body. A 
rough calculation, from the observed positions of the satellite 
and the known mass of Mars, showed that the period of revolu- 
tion would probably not be far from twenty-nine hours ; and 
that, if the object were a satellite, it would be hidden during 
most of the following night, but would reappear near its original 
position towards morning. On the contrary, if the object were 
the small planet Europa, it would, on the next evening, be a 
litUe south-east of the planet. 

" The following night was beautifully clear, and when Mars 
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rose high euough to be well seeu, the telescope was piMote 
it. A small star was soon seen quite near the oompoted j 
tion of the hypothetical small planet, while no satellite 
visible. Bnt a few minutes of observation with the microo 
showed that Mars was passing by this object, and tbai 
J 1 latter was therefore a fixed star, and not the moving o 

seen on the preceding night. Tlie appearance of the eat 
was therefore looked for with much confidence, and at 
o'clock on the following morning it emerged from the n 
the i)lnnet as predicted ; so that no reasonable doabt < 
\ \ \ character could remain. 

i I " But this was not all. The reappearance of the sal 

' \ was followed by the ai)pearance of another object much y 

\ to the planet, which proveil to be a second and inner sat 

1 The reality of both objects was abundantly confirmed bj-( 

vatious on the following nights, not only at Washingtoi 
\ I at the Cambridge Observatory by Professor Pickering ai 

assistants, and at Cambridgeport by Messrs. Alvan Clarl 
I • Sons." 

The movements of these two satellites were, of course, 

■ carefully followed, both in America and in Europe, unt 

I increasing distanc(» of Mars rendered them invisible. 

observations of the inner satellite were, however, ven 

' except at Washington, and by Professor Pickering « 

' Havard Observatory (Cambridge, U.S.), and at Canibridg 

* It was, in fact, very ditticult to obtain accurate measures 

position. But the observations made at the above-i 
places suffice to give valuable elements for the orbits \ 
of these moons ; so that, in 1879, when the planet 
approached near to the Earth (although not so near by 
ten millions of miles as in 1877), they were found ven 
indeed to their expected jdaces. 
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cellence, and to possess remarkably good defiuing power. 
Indeed, both in Ajnerica and in England the two satellites 
were much better seen in 1879 than had been anticipated; 
the reason perhaps being, that in practice it is always easier 
to see a faint body when we know where to look for it, than 
to discover it for the first time when our gaze is roaming 
about in a somewhat vagrant way over the field of view. 
They have again been visible, but only for a few days, 
during the Opposition of 1881. We can hardly, however, 
hope that they will be seen any more before the year 1888, 
possibly not until 1890. 

To these two satellites, the smallest by far of all the known 
members of the Solar System (with the exception, perhaps, of 
some of the numerous family of minor planets), the names of 
Dbimos and Phobos have been assigned. Tlieso names have 
been variously rendered Dread and Terror^ or Fear and Flight, 
or Dread and Fear, They are to be found in a passage in the 
fifteenth book of the Iliad, in which Homer uses them to 
describe the two companions of Ares, or Mars, from which, at 
the suggestion of Mr. Madan, they were adopted for the 
satellites. In Pope's translation we read : — 

" With that he jrives command to Fear and Flight 
To join his rapid coursers for the fight. 
Then, grim in amw, with hasty yengeance flies; 
Arms that reflect a radiance through the skies/' 

These two minute attendants of their primar)*^ are so small 
that it is impossible to measure any appreciable diameters of 
their discs, or to judge of their sizes, except by estimating as 
carefully as may be the amount of light which they reflect. 
This has been done with every possible precaution by 
Professor. Pickering (see vol. xi., Annals of Harvard College 
Obsers'atorj'); and it has been concluded by him, and by some 
other observers, upon the assumption of their light-reflecting 
power being similar to that of Mars itself, that their diameters 
most probably lie between six and seven miles. There seems 
to be little, if any, doubt that Phobos, the inner one, is the 
brighter of the two ; especially when due allowance is made 
for its nearer proximity to the glare of the planet in the field of 
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view of the tclescoiie. Pboboa is therefore, in all p'!; 
mthcr larger than Deimoa. 

We cannot bnt feel that there is altogether i^nmethu 
Btmiigc aliout those little members of the Snn's familv 
most likely that somfl of our great landowners WiinlJ 
find snfficient room for nuch aa estate as they own] 
the Earth, either npon Deimoa or Phobos. They ^ 
Iniar somewhat the same relation as regards sizt; to 
of the satellites, that the minor planets revolving ont 
orliit of Mars hear to the other planets. Xor can w 
»tru(;k with the fact, that we meet with them njion the 
of thy very same region in which the minor planets c 
Ami, althon^h they may have long belonged to Mar*.! 
only been so recently iliscovered, owing to the prfvii 
of sniHcient telescupii- power, we may, perhaps, lie a! 
snggest. that it isjnst possihle, that thoue two sat^ll 
be twi. (if the niittor planets, to which Mars may liai 
so near tliat it has picked them np and attat-hvd tlu-m 
We aiv iif lonrso aware, in making this sns^gtfstion, 
nnlikely it is tliat a eimief, or a meteorite, should at 
pass so flosi' t" a planet, anil under sneh fonditious 
velocity and direction of nmtioii, that its orbit should U' 
perturbed (or, it nniy be, ecr;/ j/reatf'/ chaugcil, as has i 
in the case of certain cumets which have passe*! near t 
or to Satnni"), but that it should actually become a si 
the planet, au'l remain jiernianeDtly attached to it. 
does not seem to be ((iiite so nnlikely in the case »f 
a minor planet, inasmuch as it will be shown iu 
lecture, that we know jit the present time of at least "j 
planet wliii;h, iu the uean'st portion of its orbit t-i 
conies iilx)ut live million miles nearer than the nutxii 
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Mars turns upou its axis, as we have already stated, in 24 
hours 37 minutes 22f seconds. The nearer of the two satellites 
goes round it in 7 hours 39 minutes 14 seconds ; the outer in 
30 hours 1 7 minutes 54 seconds, the latter period being almost 
exactly four times the former ; — a fact which may some day 
prove to be of special interest and importance. It follows 
from the above-mentioned statements, that the apparent motion 
of the outer one, as it would be seen by an observer ui)on Mars, 
although it would be from east to west across the sky, would 
be verj' slow. On the contrary, the inner one would possess 
the most extraordinary property of appearing to cross the sky 
day by day from west to east ; i.e., in the reverse direction to 
that pursued by all the other heavenly ])odies. 

Let us endeavour to explain why this would be the case. 
Iji order to do so we may recall the statement made in 
Lecture III., page 56, with regard to the way in which 
the apparent daily circuit, which our own Moon would 
otherwise appear to perform from east to west once in every 
24 hours, is modified by its orbital motion round the 
Earth. 

We showed that in 24 hours the Moon describes about jj^^th 
of its own path around the Earth from west to east; irom which 
it results that its apparent daily motion across the sky from 
east to west is somewhat slower than it else would be, the 
velocity which it would otherwise appear to have being dimi- 
nished by about ^jV^l^ 'part. At the end of 24 hours after it 
has risen on any given day, it does not rise again, but is in 
general about ^th partof a whole revolution below the horizon. 
It therefore rises upon an average about ^V^h of 24 hours, or 
from 40 to 50 minutes later, on successive days. 

But let us make another supposition, and imagine the Moon 
to go round the Earth in 48 hours. It would in that case go 
back just half as quickly as it would otherwise seem to go 
forward. If it rose at 6 p.m., and (apart from its own motion 
in its orbit) would appear to go across the sky so as to set at 
6 a.m., it would, instead of so doing, be seen only half-way 
across at that hour; in other words, it would be upon the 
meridian at 6 a.m. 
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.Once more, let us suppose the Moou to describe iw < 
rottnd the Eavth iu a single day, aud let us olsofio'iiAi 
avoid certatu coiiiplicatioDs) suppose its path to t>e it 
plane of the equator, a, position which very nearly eonrtf 
to that of the satellites of Mars. In this case a vet; (■ 
resnlt would follow ; viz., that the Moon woald be »««it5 
half of the Earth, but never by the other half ; and «iTl 
that would see it would always nee it in one fixwl i«« 
in the heaveus.* 

But lastly, U't us suppose the Moon to cirele once futai 
Earth in less time thau tlie Earth occtipies in one n'^'dl 
upon it« axis. What would t^ien happen ? Its real n 
from west to east being greater than the apparent motifla: 
east to west imparted to it by the Earth's rotation, in 
appear to go round the sky from mesC to cast, with a wl 
equal to the excess of the one motion over the other, in 
of apparently travelling from east to west, aii alt tbe < 
heavenly hodies do. Now this is Just what happens ii 
case of the inner satellite of Mars, aud for an exB4:tIyd 
reason. The rotation of the planet would makt> it uppmrl 
once roimd from cast to meat iu 24 hoara 37^ mJDntvs; i 
its own motion would take it round from ^--est to ea*t in ' 1 
3&J minutes. The combined effect is, that in about II la 
it seems to go once round the Martial sky from /rv^ to tm 

The oater satellite travels round its orbit in about Wl 

• This may pcrha|w b« Ije-tt uniiewtocHi by a simple exsmnle. U 
Monn. for ilutAnce, >m Hiipposed to Im ufioa tbe meruium of uiy ift 
any yiven time : then it is iitit difficult to realize Ihm it would {Bft 
nln.vc suppotttiiiii ) juNt keep up with the movBoient of tfae ulacvtMi 
bj the rotatic..]] nf the Enrth, so thnt it would appear to rrmifl' 
upon the tnti-idian in question. Similarly for other poatioiu in *M 
might be cuatinuously seen from other placet of obaervation. 

t The former velocity being rather lew tban Jrd of the latttf. 
much as 24'' 'SI" is rather more than 3 times t" ZV, it follovs thi 
velocity correspomiiug to a mtalioii in 7'' :i'.>™ will be diminiahe 
rather lesn than one-thinl part. We must coDBequeDtlv increa* 
period by barely one-half (iir, in other words, iucren»e it io i 
rather leiw than that of ^1 tn 2) in order to obtain the duraXioti a 
apparent circuit of Pbobos, This gives, as al>OTe Htated iboi 
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from west to east. The apparent motion from east to west 
cansed by the rotation of Mars being somewhat greater than 
this, it does not appear absolutely to stand still, as it would if 
its period were exactly 24 hours 37 minutes ; but it has a 
comparatively slow movement from east to west — in fact, so 
slow, that about 131i terrestrial hours are occupied in its 
apparent circuit once round the Martial sky. 

It may therefore be quite possible for the two, on certain 
occasions, to be seen approaching each other from opjjosite 
directions, until one may pass in front of the other and eclipse 
it ; or, as would more often be the case, the one might pass 
slightly above or below the other. 

We cannot now repeat the calculations with regard to 
various other points of interest connected with these satellites, 
which we made in a course of lectures delivered at Gresham 
College shortly after their discovery. It may suffice to men- 
tion, that we found that Phobos altogether escapes eclipse 
about once out of every twice that it is in the position 
of Full Moon, owing to the tilt of its orbit to the plane of 
that of Mars, while Deimos does so four times out of every 
five. We showed that the maximum duration of an eclipse 
of Phobos is about o3 minutes, and of one of Deimos about 84 
minutes. We also stated that, owing to its slow apparent 
motion across the Martial sky, Deimos may, in the interval 
of about 66 hours between its rising and setting, pass three 
times through the phase of Full Moon, and thrice suffer eclipse. 
An example or two of what might occur in the course of a 
single night may, perhaps, not be uninteresting. Supposing 
sunset to take place near to such an hour as upon the Earth 
we should call 6 p.m., Phobos might have risen a short time 
previously in the west. After the lapse of about 3j hours, if 
we suppose the observer to be at the time in question at a place 
upon the equator of Mars, and the satellites to be apparently 
moving nearly in the equator of the heavens, the Sun would 
be about 55° below the western horizon, and Phobos about 
55° above its eastern point ; and Phobos might now be in 
the middle of an eclipse, which (having commenced at about 
a quarter past 9 p.m.) might, under favourable circumstances, 
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coutiune aiitil tK>ou aiter 10 p.ni. At aboot hal^Mt 1 
Fhobos would set in the east At abont 5 am. ft «d 
again in the west, and for a considerable put ti tti 
between this hour and the rising of the Son at about 1 1 
the east, another eclipse might be goin^ on ; k&, tvo e 
might occur daring the same night, bnt only one Ixf 
rising and setting of the satellite. 

In the preceding paragraph, for the Bake of simplid 
hare spoken approximately of Martial hoars as thong 
corresponded with those of the Earth, the diffeieitee 
length of the diurnal rotations being small. If, hoav 
the Martial hoar we mean ,Vth of the pUuwt't n 
period, its value woold of oonrse be about 1 hoar Ij b 
of terrestrial time. 

Again, we might suppose the Son to set in thewettM 
6 p.m., and Deimos, the outer satellite, to hare rim 
an hour previously in the east. A total eclipse, wiaA 
extreme case would last for abont 84 minntes, migl 
afterwards occur. Upon the occarrence of the next 
Deimos would have increased its distance above tbel 
by about 68°, and a little before the following midi 
might be nndergoing another total eclipse. The Snn woa 
rise and set again, during which interval Deimos wool 
described another 68° in the sky. Before a thiid 
Deimos might be again eclipsed, and some time sA 
third BOnrise it would set in tiie west.* 

A few other interesting calculations relating to thete 
satellites may also be made. For instance, the &et t 
own Moon really appears to be larger when seen usi 
zenith than when seen near to the horizon, which m ex 
in Lecture IV. (see Fig. XXIIL, page 90), may be «i 
clearly illustrated in the case of Deimos and Phob 
especially in that of the latter. 

Phobos being abont 5,800 miles distant from the « 

- The iibove wilculntLoiis ,-a si ly follow I.y taking the appuen 
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the planet, would, if in the zenith of an observer, be only about 
3,700 miles above him. Bot when seen in the horizon, it 
wonid l)e more than 5,400 miles liistaiit. Its apparent breadth 
would therefore be increased in the former iKjsition in the ratio 
of alxjut 3 to 2, and the area of its apparent disc, and the 
amount of light received from it, in the ratio of the sqimres 
of these numbers, or about as 9 to 4. When seeu in the 
zenith, the light received from it would conseqaently be more 
thau twice as groat as if the satellite were in the horizon. In 
the case of the outer one the similar increase of light would be 
rather less than one-third. 

The variations in their light as they pass across the heavens 
would therelbre be very considerable. But, even at the best, 
that light would be extremely feeble, notwithstanding their 
nearness to the planet. 

Let us endeavour roughly to calculate what it miglit amount 
to. The outer satellite, when seen in the zeuitb of au observer, 
would be about 20 times as near as the Moon is to the Earth, 
If, then, we suppose it to have a diameter 3(X) times as small, 
it would result, since 300 is 15 times 20, that it would have 
an apparent disc of j'-jth of the diameter of that which our 
Moim presents, and the area of this disc (225 being the square 
of 15) would be ^Jjth of that of our Moon. At the same time 
it would only be enlightened by a sunlight which varies, 
according to the position of Mars in its orbit, from about J to 
aUmt \ of that which our own satellite receives. If we mul- 
tiply 225 by 2 and 3 respectively, we obtain the numbers 450 
and 675. The light given by Deimos would therefore varj* 
from about n^th to s^jtli of that of the Earth's Moon, and 
even this faint light would be diminished by Jtb part if Deimos 
were seen near to the horizon. It would be very difficult, if 
not irajwHsible, for the phases of so minute a disc to be dis- 
tinguished without telescopic aid, by eyes such as our own. 
We have, however, already suggested, that those who strongly 
believe in the habitability of Mars, may very reasonably sup- 
pose Martial eyes to be on a larger scale, and altogether 
superior to terrestrial eyes. 

The distance of the inner sstetlite from the surface being 
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leaa than Jrd of that of the enter one, the light whicb « •' 
give, supposing it to be of the same size, woald \v iboc ^ 
times as great, and would consequently vary ttl)OQt j|4 
about j^.iii of that of our Moon, This amoont wonlJ ae^ 
diminished by more than one-half when the i«slellite nuA' 
seen close to the horizon. 

The outer one would therefore be of practically no iw * 
light-giver, the inner one of very little. In fiict, it is bw 
imagine any useful purpose which these minute Mowi 
eerre, except it be, that their motions are so rapid, flirt* 
may to some extent supply the place of watches and • 
upon Mars ; or aJibnl voyagers upon it an oppottn^ 
calculating lunar distances, by which they may 
their longitude with much greater precision than 
navigators can attain. 

"W^ien the satellites were first discovered, some 
fltateuionts were made as to the tides which they 
produce in the Martial waters. It was not 
before these statements were corrected. Very little 
showed that the smallness of their masses, not^ 
their iirosimity to the planet, would prevent them &tfB fc 
ing tides of any importance ; and that they would iKit,ii' 
respect, have the very beneficial influence which soiuM 
were inclined to claim for tliem, of removing all : 
'stagnation in the seas and oceans of the planet. 

It is not a verj- difficult matter to make a rough 
that, in all probability, the outer one would not genertbv' 
open sea, a tide of an average height of more than aboAiit 
part of that which is generated by the Moon upiin the &fl* 

* This atatement mity he approximately oonfirmed oa fcJiow ' 
Mood's iliHtance from the Earth's centre ia equal to almut £0 a 
Earth's nxiiuB ; while the outer satellite is distant from the fcntn ■ 
kbout <ieTeri times the mdins of the planet. Its tidal power. o«i^> 
nearer proximity, would consequentEy l>e greater in compu 
the attRictlon of gravity upon the surface of Man than t 
oar own Moon exertH upon the Earth, aa the cabe of 60 t^ 
the cube of 7 ; i.e. iih 21G,(K)0 exceeds U3, or about 630 tinw* ' 
Sir E. Beckett's "Astronomy without Mathematics," p, 163.) ** 
power would at the same time be lets, in the propcM^on in »Wl' 
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while that caused by the inner outi might be, upon au average, 
aboQt fifteen times as great ; but still more than 500 times 
less than one of oar limar tides. 

It is hardly worth while further to discuss tides of so small 
a magnitude. We may, however, remark that we have used 
the phrase " average height of tide," in the preceding para- 
graph, becauae we have calculated, that the fact that the 
inner satellite is at a distauce from the ceutre of Mars less 
than three times the radins of the planet, while the distance of 
the outer oue is only about seven times that ra^lius, would 
involve a remarkable result. It is well known that the tidal 
power of our own Moon is much the same upon water, either 
situated immediately beneath it or upon the very opposite side 
of the Earth, so iar as that power may be estimated by the 
difference of its attraction upon the water in question, aud 
npon the mass of the Earth as a whole,' which latter attraction 
depends upon the Moon's distance from the Earth's centre. 
In fact, the difference of the tidal power of the Moon, in the 
twu cases suppose*!, only amounts to ^th of its value in either 
case. But the comparative distances of the satellites of Mars 
tiom the nearest point of the surface of the planet immediately 
beneath them at any given lime ; from the ceutre of the 
planet ; and from the furthest part of its surface ; differ from 
one another to such an important extent, that we found, when 
lecturing upon them some time since at Gressam College, 

ratio of the raass of the satellite to that of Mors falls short of the ratio 
of the Moon's mass to the Earth's. The hitter ratio is about ^. The 
satellite's diameter, if taken as seven mites, is g)^ of that of Mars ; and 
a its average deuaily be supposed the same (although it ma; probably 
be much lesH), its mass would be a (,^t' part of that of Utirs, i.f.a 
TTiiiFiiisG part. Instead, therefore, of a tidal effect 630 times as great, 
we should for this reason onlj have aa effect mnammn of 630 times aa 
great, which would amount to about a ,^ part. And upon a ([lobe of 
about one-half of the radins of the Earth, the height of the resulting tide 
would again he dimioislied by about one-half, so aa to be about j,>„ of the 
height of the Earth's lunar tide. 

• This is, of coarse, according to what is called the statical theory of 
the tides, which, although altogether unsatisfactoi^ as a real explanation 
of their formation, is sufficient to illustrate the peculiarity to which we 
now refer. 
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thatof the two coiTPspoDdiog tidal effects for the ino« 
the one would be three times as great as the otlwr : li 
the outer Moon the one would be fnlly half as U^ge^ 
the other." 

An interesting consequence, which may probablv nd 
the Bolar tides upon Mars, although they an- verv lika 
abont Jtht of the height of tlioae upon the Euth, ) 

cently been pointed out \>j Dr. Ball ; viz that theiii 

may he one cause which, by gradually i-etaxding the q 
the planet's rotation upon its axis, has helped to brufl 
the remarkable fact tliat it is now more than thiw ti 
bIow as that of the inner moon in its orbit around it. I 
alao states, in his lecture published imder the title 
Glimpse through the Corridors of Time," that Mr. ft 
recently developed theorj- of tidal evolution iudicaie^ 
similar effect may be produced by the solar tides ^ 
Earth's rate of rotation, in the course of long age* 
come, after the Moon's month and the Earth's dav hM 

• The Uoon is dUtant from the centre of the Earth abonl nd 
theEiutb'B radius. Its dietancee £roni water immediately btoalbi 
the Euth'ii centre ; nnd from water upon the opposite side of 1^ 
u« therefore as the numliera 59, 60, til. The tidal power* abonl 
towe therefore in the two cttBes, respectively, as i — ' uid, 
A little arithmetical work will show that the diHerence of d 
waiatmie about j'jth part of either. The oorrespondiag <ttfnn^ 
inner aateUite of Mars are 3700, 6800. 7W)0 miles ; and tor fl 
Mtellite, l'2,4O0, 14,5iX). &nd 16.600 mile«. From tboM nwiV 
euy torerif]' the itatement in the text. 

t The Bun's mass being about 3,100,0<X> times ibst of H>n.a 
about 830,000 times that of the Earth, its tidal power, to comiaiM 
the attraction of gmrity upon the surface of the Earth or Mart • 
■boat 91 times greater upon the latter planet (see " Astronoiii;' 
Htthematics," p. 16.S). But the diiitance of the Suq from Mini 
72,000 ttmeR the radius of Mars, \rhile its distance from ibe Earth i 
23,000 times the Earth's radius. Its tidal effect will thefefoivl 
niahed in the cube of the rnlio of 'I'.i to 72, or about 30 times O 
the mdiua of Mars ijving uljout one-half of that of the Earth ih 
of tide would also be diminished nb(iut one-half. Hence we have b 
aolar tide upon Mars equaLs about V of A of ) of ite b«iebt ■ 
Earth. In other words, it would be appro xim.itelv of abonl Ilk 
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been leugtliened l)y the present lunar tides to aboat 
times twenty-four honrs. The Ituiar tides woald then for a 
time remain stationary ; Imt the solar tides continuing woold 
still further lengthen the Earth's day, so that it would at last 
exceed its satellite's mouth, as the day of Mars exceeds more 
than thrice the month of its inner moon. 

If there be any astronomers possessed of good telescopes 
ui>ou Mars, there is little doubt that they can determine 
whether its satellites are inhabited. It would, in fact, be 
jnat as easy as it would be for us to determine the like ques- 
tion with regard to the Moon, if it were brought, iu the two 
cases respectively, within about ^^th or j,th of its present dis- 
tance. If, on the other hand, there are astronomers upon 
those little moons, most wonderful must be the view of Mars 
which they enjoy! From the inner satellite its disc would 
subtend an angle rejiresenting more than 'ithe of the width of 
the whole heaven?, i.e., nearly 4'ii° ; while from the outer it 
would still subtend an angle of about 18J°, Le., about Y,th of 
the width of the celestial vault. The apparent area of its disc 
in the two cases would respectively be about 6,400 and 1,000 
times that which our Moon presents to us ; its light some 400 
times as great when viewed from the onter satellite, and 2,500 
times as great from the inner one. And yet the sight would 
not be so wonderful as that of Saturn to an observer placed 
upon the inner edge of its bright ring, at a distance of only 
18,000 miles from its surface, where its huge globe would 
subtend an angle of about 84i°. 

Since the attraction of gravity upon the surface of Mars is 
only about ^ths of its value upon the surface of the Earth, we 
have explained that any inhabitants upon it might well be two- 
and-a-half times as tall as ordinary men ; but we can liardly 
conceive how very huge those would have to be who sliould be 
suited to the smallness of the gravity upon these little moons. 
If their diameters are ^'„th of that of the planet, the attrac- 
tion of gravity upon their surfaces would be ^^^^th of that upon 
the surface of Mars, or al>out ,^„th of that upon the Earth, 
supposing their densities to be equal to that of Mars. We 
may, however, remark that tiieir deusity, and consequently the 
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attraction exercised by tlieni, may possibly be mncb less. But, 
taking the above snppositioa, let ns imagine a man of fifteen 
handred times the height of one of ourselves, and suppose 
such a man to be npon a globe of about twenty miles in cir- 
cumference. He certainlj' would not be verj- long in walking 
round it, nor wonkl he wish to have many friends upon it to 
keep him company. 

Altogether we mnst confess, that these exceedingly miaate 
attendants of a planet whose own size is in no wise remarkably 
small arc verj- puzzling and veri' inexplicable. They may 
perhaps suggest the thought : — Can it be that, jnst as we find 
a large number of small minor planets in the region between 
Mars and Jnpiter in the midst of which we might otherwise 
expect to fiud one larger planet, so there may be a number of 
little satellites revolving aroimd Mars where otherwise there 
might be a single larger one ? Can it be that there are many 
others so small that our telescopes will never see most of 
them, bnt will only, by their gradual increase of jtower, reveal 
to us a few that are not ignite so tiny as the i-est? 

Minute as these satellites are, they have, however, already 
done good service in enabling as to weigh the planet Mars 
much more accurately than was possible before their discovery. 
By Kepler's third law (see Lecture V., page 122) it foUowe, 
that the product of the sum of the masses of Mars and of 
either of its satellites, multiplied by the cube of its distance 
from the jilanet, must bear exactly the same ratio to tlie 
product of the siun of the masses of Mai-s and of the San 
multiplied by the cube of their distance apart, as the square of 
the periodic time of that satellite round Mars bears to the 
square of the periodic time of Mai-s round the Shu. And the 
mass of the satellite is so small in comjiavison wirh the other 
quantities involved in this statement, that our ignorance of it« 
raine does not matter. We may neglect it, and nevertheless 
ha\-e au equation, or rule-of-three snm, whicli will give a very 
accurate value of the mass of Mars as a fraction of that of the 
Sun ; in fact, the smaller the mass of the satellite, the less 
error is produced by neglecting it in the course of the calcnli^ 
tione. The very minnteneBS of the moons of Mars consequently 
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makes them of all the more nse in helping qb to weigh the 
planet. The methods employed before their discoverj- are 
mach too complicated for us to explain, and after most 
laborious investigations still involved couaidemble nncertaiiity 
as to the tme value. As soon, however, as the rotation- 
period of either of the satellites was known, it only needed a 
verj' brief calcnlation in order to obtain a value for the weight 
of Mars. Professor Asajih Hall estimates it to l>e equal to a 
jjij5jth part, and Professor Pritchett to a j;^!^*'' P*"^' ^^ *''*' 
of the Sun, We may feel sure that either of these lesalts is 
very nearly accurate. 

Our space forbids that we should attempt to discuss the 
astronomy of the heavens as it would be seen from Mars, or 
from its satellites. We cannot, however, resist the temptation 
to quote from The Observatory of December 1878 a most 
iutereeting description (which it was our good fortune to hear 
Mr. Marth narrate at the preceding November meeting of the 
Royal Astronomical Society) of certain phenomena which may 
from time to time be seen by any possible inhabitants of the 
planet. 

"On November 12th, 1879, shortly before two o'clock, 
Greenwich mean time, a small black body would make its 
appearance on the south-following side of the disc of the Sun ; 
in six minutes it would have fully entered upon the disc, and 
woald proceed slowly from left to right. About a quarter past 
four o'clock, another and bigger black body would encroach upon 
the disc, and would oceupytwenty-one minutes before it hadfiilly 
entered upon it. The two botlies would be the Moon and the 
Earth, and they would be visible from all [larts of Mars where 
the Sun was above the horizon. Bnt observers placed upon a 
certain zone, or track, would have the opportunity of seeing a 
third and apparently much bigger body cross the Sun's disc. 
It would come from the right-hand side in a directiou at a con- 
siderable slant fo the south, and Martial observers would have 
to look shar}) to observe all its contacts with the disc, since the 
time for doing so would be limited to some twenty or thirty 
seconds. Tlie thii'd body would be Phobos, the inner satellite. 
Martial astronomers would, however, he much more interested 
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in the transit of the Earth and Ho(m (acroM the S 
than in that of Phoboa, since, in the ooorse of a Ha 
there would be no less than aboat 1,388 tranutt ( 
visible from some part or other of the planet, iriiiletli 
of the transits of Deimos woald be about 133. On 
hand, the transits of the Earth woald be rare oocnn 
last one having taken place in a.d. 1 800, while the oexl 
would happen in a.d. 1905. About a quaiter to ten o' 
Mood, which in the meanwhile would have drawn 
the Earth, wonld qoit the Son's disc, and the lul 
contact of the Earth with the disc would take place i 
wich midnight Bnt before internal contact, aboot hall 
o'clock, Phobos wonld again make its appearance 
disc for certain stations, after having meanwhile pel 
whole revolution roond the planet." * 

We mast now bid adien to Mars and its satetli 
wonld fain hope that the varions calculations whid 
placed before our readers, and the attempts which we t 
to enable them to realize some of the effects resnlting 
remarkable orbital movements of these bodies mav 
been nmuteresting. In any case, we feel confident i 
who have exerted the mental effort necessaty to foil 
will be rewarded by the greater facility with which tb 
able to realize the relative movements and the van 
mena belonging to those members of the Solar Srst 
still remain for onr discussion. If so, the somewhat 
study of the Martial system, to which we have ini 
attention, will not have been altogether in vain. 

• Two or three very alight omiBnOM, or alteratioDB, oocnr b 
qnotation. 
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"And is creation not a work of skill 
In its grand outline, in it8 parts minute, 
That we should mark its movements, trace its laws, 
Observe its fine consenting harmonies?" — Addison. 

A TRAVELLER joumeying round the Sun upon the planet Mars, 
and accustomed to the two little moons whose minuteness 
concealed them from our oraze until the autumn of the vear 
1877, which, as explained in our last lecture, will ever be 
memorable for their discovery, would perhaps not be surprised 
to find many other small bodies comparable to them in size 
revolving round the Sun within the orbit of the huge mass of 
Jupiter. A few of them would at times approach him some- 
what closely; others would, at their nearest, be separated from 
him by an interval of 100 or 150 millions of miles. Amongst 
the whole number, some of unusually large bulk would be seen, 
but the volume of the largest would be many hundreds, or 
it may be several thousands, of times less than that of the 
planet from which he would watch them. We wish that we 
could take our readers, by some magic power, across the 
great gap that divides the orbit of the Earth from that of 
Mars, and make them comfortable upon that latter planet, 
while with us they might study the remarkable little members 
of the Sun's family to which we refer. 

But we can only observe them from a far less favourable point 
of view ; the result being that, in some respects, the Minor 
Planets, which is the name by which we shall call them, are 
the most uninteresting of the heavenly bodies. We can never 
hope, even in the most powerful telescope that may be con- 
structed, to detect any physical features of their surfaces, or 
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(except in a few rare instaaces) even to measnre the diametere 
of their discs. Our knowledge of their iudiWdaal pecaliaritiee 
and constitatioD mast inevitably be most limited Never- 
theless, their study is in other respects both important and 
instmctive. 

Even if they had no other claim tipon our attention, we can 
hardly refiise it, when we remember the startlingly rapid rate 
at which they have of late been discovered. So great has been 
the skill and indnstry of those who have watched for them, 
that no year has passed since 1S46 without at least one new 
one being found ; while the total nnmljer hnown, which at the 
beginning of the year 1847 was 5, is now, in Angnst 1882, 
229. We therefore ask our readers to tarrj- with as a little, 
before we go on to discoss the wonders of the migh^ plauet 
Jupiter, or the fascinating rings of Satnrii, while we endeavoor 
to show that some statistical results involved in the tables of 
the elements of the orbits of the Minor Planets, which may 
at first sight appear to lie vers- uninviting, are really most 
important and suggestive. 

But we ought perhaps to explain, before we make any 
fiirther remarks with regard to these little Ixxlies, why it is 
that we adopt for them the appellation Minor Planets, in 
preference lo any other. We do so, because the orbits in 
which they travel round the Sun are not only governed by the 
same laws, but in many other respects are similar to those of 
the larger planets. At any rate, we may confidently say, that 
in no one respect, except in the minuteness of their discs, can 
they be justly described as star-like. The name of Asteroid, 
which has this meaning, and which was originally assigned to 
them, is therefore about as unjustifiable a title as could well lie 
Beleeted. 

Another inaccurate way of speaking of them also deserves a 
little preliminan^ notice. It is often stated that they are a sort 
of swann, or ring, of small Imdies lying between the orbits of 
Mars and Jupiter.' and approximately occupying the place of a 



• See Fig. XXXni., p. 118; in whicli it mi 
appellation " Planetoid " is used. This, however, i 
title B* " Minor Planet." althoDgh much lietter than 
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Planet wliicli seems to be wanted tn fill up a gap in that part 
of the Solar System. But this is a very loose way of defining 
the locality of their orbits, although it is no donbt true, that the 
tneau distances of the four first liiacotered are respectively 
2-767, 2-771, 2-07, and 2-36 times the Earth's distance from the 
Siiu ; while the so-called law of Bode suggests that a planet 
should revolve at about 2-8 times that distance, 

The inaccuracy to which we refer is, however, at ouce evident, 
if we notice the immense range of space within which the 
Minor Planets are fotind. We cannot too strongly impress 
ni»ou onr readei-s, that, so far as we at present know, it begina 
mtkiti the orhU of Mnrs, and extends comparatively near to 
that of Jupiter. The first part of this statement depends upon 
a fact which we pointsd out in a lecture delivered in Greshak 
CoLLEiiE, early in 1879; and which, so far as we are aware, had 
not at that time been noticed in astronomical text^hooks, although 
it has since been independently mentioned in a most interesting 
and learned article by M. Niesten published in the Annuaireof 
the Royal Observatory of BrnsselH for the year 1881.* It m 
that one of the Minor Planets, viz., jEthra, No. 132, whenatits 
nearest distance from the Son, approaches folly 5,000,000 miUa 
vearer to it than the viaxitmim diatanee of the planet Mara. It 
also happens that ./Ethra, when in such a position, occupies 
just the same longitude as is occupied by Mars when at its 
farthest from the Sun. At times, therefore, a most re- 
markably close approach, or even a collision, of the two 
might occur, were it not that the orbit of .Xthra is greatly 
tilted from the plane of the ecliptic, so that this little 
I»lauet is thereby depressed far below the orbit of Mara, when 
it would otherwise pass very near to it, and even within a 
certain portion of it. 

The fact, however, to which we wish at present to drair 
special attention is that, apart from the manj' thousands, or it 
may even be millions, of Minor Planets which are not known 
to us, we know of one which, in a portion of its orbit, approaches 

* The nbore article contniiia an immenHe atnount of iufonnation with 
regard to the Minor Planetx, accompiiiiied lij tabul&r Btatementn moat 
ooDvenientIf arranged for refereDce. 
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so Dear to the Sna that its distance is conndoibl 
that of the planet Mars when in the same longitodt 
Here then their domain begins. Let ns next • 
ends. Upon consalting the tables, we find thit t 
named Hilda, No. 153, which recedes from the 
distance of about 428 millions of miles, while I 
distance of Japiter ia only aboat 461 milliou ol 
Hilda and Japiter, when at these distanoes lespe 
the same longitude, they might conseqnentlf S] 
another within aboat 33 millions of miles. But thei 
under these circumstances differ hy aboat 87°, fii 
results, that the ellipticity of Japiter's orbit lemo 
2'i millions of miles further awsy (or very nearif 
distance of 484 millions of miles from the Son), i 
the same longitude in which Hilda's distaiice i 
stated, 428 millions of miles.* The preceding ati 
illustrated by Fig. LXI., in which the mesa 
Jupiter from the Sun is compared with the gteai 
of Hilda ; and the greatest distance of Mars with 
distance of ^thra. 

Withont, therefore, attempting any great i 
statement, we may justly describe the htnne of 
members of the Snn'a family as extending Jrem 
orbit of Mars comparatitely near to tAat of Jigt 
other wonls, as embracing a zone of about 
miles in width. At the same time, it mnst in 
imagined that the Minor Planets are scattered w 
proach to uniformity through this wide zone. On 1 
as we shall presently more folly explain, the great 
those with which wc are acquainted are located 

• ThA nrhit nf TTiMn hu wi irrpntnn fllmtintv *»._. *v. .. 
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which lie between 2^ and 'i^ times the Earth's mean distance 
feim the Sim, while a still closer aggregation ia fonnd at from 
2i to 2^ times that distance. 

We mnst refrain from rt'iieating the often-told story of the first 
dificoverj- of any of these bodies, and of the excitement which it 
caosed. It may be read in Grant's "History of Physical Astro- 
nomy," in Mr. Proctor's "Poetry of Astronomy," and elsewhere. 
At present we will only state that the first, to which the name of 
Ceres was assigned, was found on Jannarj- Ist.lSOl, — averj'easy 
date to remember. Three more, Pallas, Juno, and Vesta, were 
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respectively discovered in 1802, 1804, and 1807. Wi- may also re- 
mark that these not only claim the honour of being the first four 
detected, but probably owe it to their superiority in size. and in 
the consequent brightness of their appearance. No more were 
Been until a fifth, Astnea, was added to the list in 1845, But 
since that date the rate of discoverj' has been so rapid that at 
the end of 185'J twenty-three had been fonnd. The number 
waa increased to fifty in the course of the next five years ; 
vhile in 1878, 1879, and 1880, the n'spective additions were 
tvelve, twenty, and eight ; the total amounting to 219 at the 
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end of the year 1880, In 1881 only one was foanA 
lather remarkable that iu the first eig^ht niontlisof 1^ 
rate of discovery has agaiu increased, nine new ones haiiip 
met with," The number discovered iu 187y, viz., 2f\a 
that of any other year; the next greatest being i' ■ 
year 1875. 

The accurate formation of star-charts, embracing lU 
down to about the twelfth magnitude, has much SJiiisldl 
observers who, as the above numbers show, baveMitncMM 
searched for these little plauets. When in jiottiiesxiaa </ 
assietauce, there is still room for the exercise of ranch skS 
perseverance ; but, trt from the necessary delicafj li 
observations, all tht.L i requisite is, accurately tft comput 
the charts the stars lat are seen in any portion uf liK 
by means of a powe ful telescope, and carefully In I 
*ny one whose place is not recorded. Theu, if thf sli 
foood upon a aubse(]ueiit night to have changed il« ^ 
it will follow, that it is not one of those to which the ad 
£xed stars belongs, but that it is really a planet, or (» 
the literal meaning of the word) a wanderer amoo^'^tl 
By further observation it can next be determined wheli« 
a Minor Planet that has already been discovered, or a art 
It may be interesting to mention, that those who hi* 
cisteutly laboured iu such a search find, that thev ■snA 
several which prove to have been already known, f« 
one that is new. 

It is worthy of remark that no Minor Planet has «« 
discovered without the help of a telescope, althongh it & 
pOBfiible to see Vesta (the fourth that was foand) with the! 
eye, if it be at its nearest distance from tlie Earth. Al « 
time the light received from it does not differ much fnm 
of a sixth magnitude star. Pallas and Ceres are less b 

• Dr. J. Palisa, now of Tienna, has discoverM] 8 out of tl» 
mentioniHl i', in thu fimt tight mimths of 1882 : tlie onlv on* a 
6 out of H in laai ; and IU out of At in 187y ; which, with l.i |" 
discovtries, raisuB bin total to 3T. This number has, howevtr. b 
ceed&l by ProfcBSor C. H. F. Pettrs, of Clinton (U, S,>, who q 
«nd of 1880 had discovered 41 . Other discoverers of li) or nKdi 
follows;— BorrtUy, 11 (Miiriiillfi)-. Goldsdimidt, 14 (ParuaaACU 
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M and fall somewhat below the extreme limits of ordinary- vision. 
If The light of Jimo ia weaker still ; while those more recently dis- 
fi covered have, in general, been increasingly faint. This is ahowa 
f. in the following statement, viz., — tluit the average light of tlie 
,1 first 10 was about the same as that of a star half-way between 
the Sth and Otb magoitades ; the second 10 came between 
^ stars of the S'th and lOth magnitudes ; the third ID between 
the 10th and 11th magnitades ; while the light of the re- 
mainder, nearly 200 in number, approaches that of a 12th 
maguitade star. The gradual decline in brightness has, how- 
ever, of late been verj- slow. 

In astronomical parlance, the Minor Planets are generally 
denoted by numbers, corresponding with the onler of their 
discovery. They have also at present (with the exception of a 
few of those most recently found) been dignified by names ; 
hot, if their number continue to increase, it will, we think, 
soon be almost impossible to find suitable appellations for 
many more. A few of the more recently adopted names, such 
as NuwA, Athok, Celuta, Phthia, Koloa, Byblis, Lilvea, 
may indicate that some such difficulty has already been ex- 
perienced. Dr. Palisa, to whom the honour of nearly all the 
most recent discoveries belongs, has suggested tbat the last 
two of those foimd in 18S0 lie called Bianca and Thusuelda. 
It may, perhaps, be of some use (o mention that, in reading the 
second volume of Du Chaillu's " Midnight Sun," we have 
fbimd, in page 445, a remarkable list of names of Xorse, 
Swedish, and Danish damsels, from wliicb we think appro- 
priate selections may be made." 

A few curious coincidences and interesting facts in the 

Hind, 10 (London) ; Luther, 20 (Bilk) ; Watson, 22 (Ant Arbor, US., 
and Pcjtin). It would hardly b« of uiy use to give a more complete list 
of the Minor Planeta and their discoverers without appending the ele- 
ments of their orbits, for which we have not space. Such a list would 
also donbtlees very soon become incofj)/i^<(r. For the pailiculars of 172 we 
may refer our readers to Professor Newcomb's " Popular Astronomy." The 
latest information may always be found in the " Berliner Aitronumiiicbes 
J&brbuch," or in the " Annuaire du Bureau des Longitudes'' (Paris). 

• We append a few as specimens. Ulla, Helga, Hedvig. Yrsa, Elvira, 
Engela, Selma, Disa, Kama, Valborg, Sij^nild. Yr&, Astrid, Signe, Ebba. 
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hi«tor\' of these discoveries deserve our notice. For in 
it 1ms happened in several cases that the same Miixv 
has been discovered by two independent observers ; tr 
one occasion, in 1857, the late M. Goldschmidt found r 
ones during the same night. And not only (as we hare 
stated) have some, which at first appeared to be new. 
while, when more careful calculations have been made, 
to have been alreadv known ; • but one reallv new 
several months been thought to be an old one, until i 
through a considerable portion of its orbit. Such insn 
these may serve to indicate the difficulty which is inti 
keeping count of the separate individuals of so nam 
family, and in making the elaborate calculations nece$ 
the accurate determination of their orbits. 

But sometimes this difficulty is still further ini 

Tliis is the case if any orbit is so situated that it un 

special perturbations, owing to the nearness with wl 

Minor Planet moving in it approaches either to Jupit* 

Mars; but especially if it approaches the former planet 

huge bulk causes its [)erturbing influence to be verr 

Owing to such effects, as well as to the g-reat decrease 

apparent briglitness of most of these little travellers i 

recede from the Earth, which makes it useless for us to i 

to observe them except at times when they are not fi 

their nearest possible proximity, it has more tha 

happened that a Minor Planet has been lost for seveni 

In such a case, it may make its nearest approach to the 

it may then be looked for, but not detected ; it ma 

again recede, to undergo, before its next near approach. 

perturbations of its orbit, which will increase vet m 

difficultv of its rediscoverv. 
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is greater thau thai of auy other witli wliich we are acquainted. 
After its discovery by Dr. Palisa in 187o, ita orbit waa calcu- 
lated. But uo success attended the many attempts which were 
made to see it again, and it was almost given up as lost ; until 
Dr. Palisa himself detected it once more in 1879, at a distance 
of several degrees from its calculated place ; a discrepancy 
which niai" be chiefly attributed to the perturbing effect of 
Jupiter's poteut attraction. 

One important element affecting the fonn of the actual 
path of aay Minor Planet, and tlje planet's own [losition at 
any given time, is the eccentricity, or the ovainess, by which 
the cm-ve of the path differs from a circle. A careful inves- 
tigation of the tables to which we have already referred, 
shows, that for about 50 of the orbits the value of the eccen- 
tricity does nitt exceed that which may be represented by the 
fraction (Vth,* which is ouly slightly more thau in the cose of 
the orbit of Mars ; while that of about 100 others, although 
greater, does not exceed |th, which, it may be remembered, is 
about equal to that of the orbit of Mercmy. In about five 
instances, however, the measure of the eccentricity exceeds 
Jrd; while in the orbits of Polyhymnia, l^o. 33, and .^thra, 
No. 132. we meet with the exceedingly large values of '^ and 
^ respectively. 

It is important to notice how remarkable are the changes in 
the distance from the Snn of such Minor Planets as tliese. 
If we take the latter of the two, we find that its greatest 
distance is 334,000,000 miles; its least 150,000,000 miles. Thp 
difference between them therefore exceeds the least distance 
by considerably more than 30,000,000 miles. Indeed, the 
eccentricity of such an orbit actually amounts to more than 

♦ See Lecture V., p. 120, where it U explained, that an eccentricity of 
,ijth causes the distance of the Snn from the centre of the orbit to be ^th 
of ita mean riidin?. In the cose of a Minui' Planet, moving at a mean dis- 
tance of '250,W0,0(Jt.i miles from the Sun, in an orbit with an eccentricity 
of A'h, the greatest and least distanccB would therefore respectively fall 
■hott of, and e^tceed. the above value by 25,000,000 miles ; the planet wonld 
consequently sometimes recede to a distance of 276,000,000 miles from the 
Sun. and at other times approach within 225,<3OO,0OO miles of it ; the 
total change in its distance amounting to 50,000,000 miles. 
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two-thirds of that of the well-known periodic comet named 
Faye's ; which goes ronnd the Sua once in every 11 years, 
and at its Aphelion passes about 45,000,000 miles beyond the 
maximum distance of Jupiter. On the other hand, the path 
of fiuch a Minor Planet as Lomia, No. 117, lias an eccentricity 
less than half as large again as that of the Earth's orbit, and 
only about Jth of that of Mercury; so that its greatest and 
least distances from the Sun, which are respectively about -So 
and 270 millioue of milps, differ by only 15,000,000 miles. 

It may be gathered from the precetUng remarks that the 
orbits of the Minor Planets are not only in general more 
eccentric than those of the greater planets, but in a few cases 
exceptionally so. 

It is also found that almost exactly the same statement may 
be made with regard to another element of these orbits, which 
has a very important effect upon the actual path in 8]iace of 
each Minor Planet. We refer to the tilt, or inclination, of the 
plane of the patli to the plane of the ecliptic. 

It is known that the inclinations of the orbits of comets 
may be of any magnitude between coincidence with and per- 
pendicularity, to that plane ; although those of most of the 
comets of small period lie within comparatively moderate 
limits. But the inclinations of the orbits of all the Major 
Planets to the ecliptic are decidedly small. In no instance 
do they exceed 2^° ; except in that of Veuus, for which the 
tilt amounts to about 3§° ; and in that of Mercury, for which 
the value is larger still, viz., almost exactly 7". But one of 
the Minor Planets — viz. Pallas, the second in order of discovery 
— ^moves in an orbit which has the very exceptional inclination 
of 37° to the plane of the ecliptic ; and alwut one in everv 
ten out of the whole number of orbits lias a tilt of more 
than 15". At the same time, it should be noticed, that, for 
about one-half of the whole group of orbits, the tilt is less 
than 7°, and for about one-fourth less than .5^; while for eight 
of the least inclined it varies from rather less than ^" to 1°. 

We shall find further on that all these stjitistica have a 
weighty bearing upon any theory which we may formulate, as to 
the origin, or the past history, or the present oaefulnesB, of thia 
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remarkable eolk'ction uf liodica. Inileed, eveu though it may 
almost involve the risk of some weariness to our readers, we 
mast re<iii('st them to notice, hefore we go on to the consider- 
ation of any snch hypothesis, a few more facts with which it is 
essential that they should he familiar. 

For ioatance, it is to be observed that the nearest of the 
Minor Planets in mean distance fi'om the Snn, appears to be 
Mednsa, No. 14U ; which revolves, upon aa average, at about 
2*13 times the Earth's distance from it, or, in other words, at 
a mean distance of about 198,000,000 miles. It should also b< 
remembered that it is the very oval form of the orbit of ^thra 
No. 132, that brings it (as we have previously stated) much 
nearer to the Sun than this in one part of its course, viz., within 
abont 150,000,000 miles, although its mean distance is some 
■14,000,000 miles greater than that of Medusa." 

On the contrarj', it must not l)e forgotten that the very 
nearest approach of Hilda, No. 153, still leaves it abont 
308,000,000 miles from the Snn, or considerably more than 
three times as far away as the Earth. The nearest distance 
of several others is also very nearly three times that of the 
Eartli, or abont 280,000,000 miles ; whereas some, snch as 
Harmouia, No. 40, when at their furthest distances, are not 
more than from 220,000,000 to 230,iHH),n00 miles away. 

These two last statements deserve very careful attention. 
They involve the important fact that the furthest distance of 
certain Minor Planets is from 50 to 70 millions of miles less 
than the nearest distance of others. 

Again, it may be well to remark that ^Ethrn, which ap- 
proaches the nearest of all to the Sun, is not that which may 

* The orbits of these, as alw of several others, includiii); thnt of Hilda, 
which are especially interesting, are ao;umteIy represented in Fig, LXUI., 
p. 29(). In such n diagnim it m of coume impossible adeqiutt«lv to indi- 
cate the tilt of the orbits. The portion of ench, which lies below the 
plune of the ecliptic (which in taken iim the pkne of the paper), is, bow- 
ever, dotted : the other half, drawn in unbroken line, i»t auppoaed to be 
above the Kame plane. It may therefore be seen in the diagram, that, 
irhen the distance of .^thra from the .Sun in lesH than that of Mars, the 
orbits of these two planets are upon opposite Bides of the ecliptic, as we 
mentioned in page 207 of this lecture. 
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approacli most closely to the Earth, owing to the great 
incliaation of its orbit to the ecliptic, which, amounting to 25°, 
deprcBseB it, when it is at its nearest to the )San, so far away 
from the plane of the Earth's orbit, that it never comes nearer to 
the Earth than within about 75^ millions of miles. Otherwise, 
the nearest distance of jEthra from the Sun being 150,000,000 
miles, while the Earth's mean distance is 93,000,000, it 
would have been possible for Jilthra and the Earth, had the 
planes of their orbits been the same, to have approached 
within the difference of these two distances, i.e., within about 
57 millions of miles. As it is, another Minor Planet, named 
Clio, No. 84, whose nearest distance from the Sun is about 17^ 
millions of miles greater than that of .Slthra, is the one that can 
approach the nearest to the Earth, viz., within a distance of a 
little more than 74,000,000 miles, or about 1^ millions of miles 
nearer than jEthra.* 

The periods of the Minor Planets iu their orbits, or, to 
speak more familiarly, theii- years, vary from rather under 
1140 t« nearly 2900 of our days; or from 3 years 43 days to 
7 years 313 days of terrestrial time. Several pairs may be 
selected in which the difference of period is very slight, only 
amounting to a few hours, or to half a day ; wJiile the above 
numbers show that the length of the year for some is much 
more than double what it la for others. Hilda, Ko. 153, no 
longer retains without rivalry its pre-eminently long period of 
nearly eight of our years. Another, named Irene, No. ISW, 
which was discovered by Professor Peters, in September 187S, 
is found to make a longer journey than was at first supposed, 
80 that its year, according to [jreseiit calculations, only fells 
short of that of Hilda by six days- 
It seems that Medusa, No. 149, may claim the distinctioQ of 
having the shortest period, viz., 1139 days, or less than 3^ 
terrestrial years. 

It is probable that some exceedingly interesting resolta, 
depending upon the mathematical theory' of mutual pertur- 
bations, may arise in the case of those whose periods are very 
nearly int«gral multiples of one another. This may likewise 
* See an interesting patagrnph in Katvre, June S7th, 1878. 
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be the case when certain parts of the actiial orbits aiiproaeh 
very closely, if the corresponding Minor Planets should happen 
to be in those parts at the same time. M. Niesteu ^wints out 
instances of the latter kiud in the orbits of Fortoua, No, 1 9, and 
Metis, No. 9; which appi'oach nearer than those of the Earth 
and the Moou. He also meutions that those of Judo, No. 3, 
and Clotho, No. 97, corae within about 6^1 miles, but are not 
qnite in the same plane ; while in Fides, No. 37, and MsJa, 
No. 66 ; as also in Alexandra, No. -54, and Lnmeo, No. 141, 
we have pairs of Minor Planets, which revolve respectively 
very nearly in the same plane, and in orbits of the sHme size 
and shape. 

As regards the actual size, even of the largest of the Minor 
Planets, it is very difficult to form any satisfactory estimate. 
The images formed in some of the telescopes with which 
several of tliem were at first studied, seem to have been so far 
vague or indistinct, under the high magnifying powers used, 
as occasionally to suggest the existence of nebulous atmo- 
spheres surrounding them, or some deviation from a globular 
shape ; and certainly were not sufficiently distinct to enable 
any reliable measures to be made of their apparent diameters. 
Vesta, No. 4, is undoubtedly the brightest, and therefore in 
all probability the largest. If, as Mudler, one of the earlier ob- 
servers, supposed, its diameter be as great as 300 miles, its 
anrfai^e would be cf^nal to about riirth of that of the Earth, or 
about I'iyth of that of Europe. 

In 1867, Mr. Stone, by carefully comparing the amount of 
light received from a considerable uumber of the ilinor 
Planets," came to the conclusion that Vesta and Ceres (if 
their surfaces be supposed to possess an equal capacity for 
reflecting light) are most probably nearly of the same iliameter ; 
while, upon the same 8n])positiou, he found the probable value 
of that of Juno to be only about ;iths as great, and that of 
many others to be very much smaller; with the exce]>tion of 
that of Pallas, the size of which appeared to him to lie between 
those of Ceres and Juno, but nearer to the former than to 
the latter, 
* Sec Monlhlff Nolicet of Royil AatTonoraioal £odety, vol xxvii,, p. iMM. 
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We believe that some attempted measareme nts of t 
of Vesta and Ceres, by Sir W. Herscliel and otb« 
indicated for them a jiossible diameter of about ^iOOmi 
this value be acce]>ted, that of Juno, acconling- to Mr. 
calciiIatioDB, would be about 120 miles, Neverthek 
Laesell, in the year 1850, with a magnifying of 1018 1 
reflcctiDg telescoiie of two feet iu diameter, at 8 
LiveqKX)!, was iioable to detect any signs of a disc in J 

Argelander and some others have alao |)ai(I alientioi 
pubject; and, more recently, Professor Pickering, of the] 
College Obeen'atory, Cambridge, U.S., whose investigl 
jihotometrj' are well known to be of the highesi imp 
He has assigned a eomewUat greater prefouderaucedl 
Vesta; and has estimated thai the diameter of Pallu 
abont one-half, and tliat of Jnoo less than one-third, o( 
Vesta. But his observatioDs still leave it proliablc t 
diameter of Vesta cannot much, if at all, exceed y(>0 mi 

Tliere an- many of these little bodies which are mM 
smaller than such terrestrial islands as the IMc of 
OP the Isle of Man. The title of Minor, or Leaser, 
by which we have elected to call them is therefore nndo 
a very suitable one. If we take into account the hiq 
of celestial measurements, we might almost term the 
some French astronomers, celestial tiust ; were it not 
shooting stars and meteoric fragments, we have a dn 
finer still. 

It may be interesting to mention that the lighi a 
and Pallai* a]i|iears to be of a yellowish tinge, while 
Jum} and Ceroa is sliirhlly reddish. M. Vogel also iital 
althuii^ii smiii' nf fiir old.-!' (iliservut ioiis iiiditwiing 
loQB enrroundings belonging to the larger ones hare i 
subsequently confirmed, the light of Vesta and Flon 
passed through a S]>ectrosco)>e, exhibits hands which 
the existence of atmosjihcric vajiours. 

* 5IfU»ui*s made not long niiice liy Profewov ititlosevich at 
give to the diameter of Vesta ii value only less by oof-sisteenlh i 
tbat of ^liidk'r : while PnifeBsor Taceliiiii niiikes the value nr. 

third greater than ALidler. 
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The intrinsic brightuesa of sonie of the larger Minor Planets 
a;>i>ears to vary. This may be a result of rheir rotation npoD 
their axes, which may |>eriodicalIy turn jiortions of their 
surfaces of different reflective jKJwer towards us ; or it may 
arise from lerajiorari' changes in the vaiioars of a cloud-laden 
atmosjjhere. Decided variability has been suspected in the 
light (.f Frigga, No. 77 ; as well as in some which are amongst 
the largest in the group.* 

It is, however, much more iniitortant to consider what may 
be the total mass or weight of these bodies collectively, thau 
to estimate that of any individual one. And from this ]ioint 
of view we may ask ; — Is ir jxtssible that they may, by their 
united attraction, jwrturb the movements of Mars and Jupiter. 
although individually their influence may be quite inapjire- 
oiable ? If so, such a result would be of the highest interest. 

But, if we assume for them, u))on an average, a diameter 
SI) miles (which is most probably very cousiderably in 
excess of the tnith), the volume of any one will clearly &I1 
short of that of the Earth by the cube of the number 100 ; the 
Earth's diamet^T being 100 times 80 miles, and the volumes of 
spheres varying as the cubes of their diameters. It would 
conseijiiently take 1,000,000 of such Minor Planets to form 
a globe as large as the Earth j and the 229 already dis- 
covered woukl only form a planet of about nVir^'i of its size. 
Moreover, miless they are comirosed of meteoric iron, or of 
some other metallic substances, it is hardly likely that their 
constitueut materials are so densely pressed together, as in the 
Earth's larger globe. In that case their average densitj' would 
be much less, and the uuit^d weight of the 229 would fall 
considerably short even of the ^iVu^h part of the weight of 
the Earth. It is therefore in no wise surjirising that no 
perturbations jtroduced by their action have as yet been 
detfCted iu the movements of Jupiter and Mars. 

We understand that Le Verrier has shown that on amotmt of 

matter of a weight equal to one-fourth of that oi' the Earth may 

jiossibly exist iu the space between Mars and Ju]>iter. If so, 

• 8ee AstroRominelir Naehrielilm. Ko. 2314; ijuoted in tlie Ohnerenlorif 

for August, 1880, p. 518. 
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supposing their average diameter to be as we have 8nggeatc<l, 
and their deDsity the same as that of the Earth, the actual 
nnmher of the Minor Planets maybe 1,100 times as great as 
229 ; i.e., it may exceed 250,IXK>. Bot if they are for the 
most i)art far smaller than those which we have been able to 
see ; — in fact, so small that tbey will ever remain invisil)le even 
in onr largest telescopes ; — and not only so, bnt also of lighter 
density than we have sap}>osed, it is by no means im]iossibIe 
that they may amoant to several millions iu ntimber, 

In a recent communication to the Vienna Academy, Herr 
Homstein has stated some reasons for believing that the 
diameter of most of those discovered of lat* years lies between 
5 and 15 miles ; and that, by an increase of telescojrtc power, 
we may probably detect many additional ones of this size in 
the enter parta of the zone in which they are found. At the 
same time, he thinks that the great majority of those in 
existence, whose orbits lie nearer to that of Mars than to 
that of Jnpiter, have already been detected ; and that ibwe 
are not many in that region, of still smaller size, which 
increased instrumental means would show. 

In quoting these various statistics, we have endeavoured, in 
accordance with our previously stat«d intention, to select, oot 
of the mass of fignres that lies before us, such as are both 
important in themselves, and may also be nsefiil in our discoa- 
sion of the question to which we now proceed; viz., — What is 
the probabli' origin of this remarkable group of bodies ? 

It is true that in some respects we know bnt little aboat 
them ; bnt we find that they are to be numbered by hundreds, 
if not by tbonsands, or even by millions. One is found to come 
5,000,(KiO miles within the orbit of Mars ; atiother travels 
to ft distance from the Sun which is equal to alx^nt lyths of 
the mean distance of the mighty |)lanet Jnpiter. With few 
exceptions they are exceedingly small. Their orbits for the 
most jiart are of moderate eccentricity, and of moderate 
inclination to the jilane of the ecliptic ; but they occasionally 
exbibit an unusually erratic form and ixisition. We certainlj 
LOOt jusiifietl in s]>eaking of these minor members of the 
'• family as a r(«y of planets. Tliey may, so far as wo 
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know at, present, be rather likened to the scattering of a few 
grains of dost between two si>herical shells, the inner one of 
which is aboat 150, thfi outer abont 430, millions of miles ia 
radius. 

If the above facta are dnly weighed, we think it can hardly 
seL-m to be jiroliable tliat the Minor Planets, as was once sug- 
gested, are the fragments of some globe of considerable size, 
which originally moved at abont the mean of their various 
distances from the Sun, and by some fearful catastrojihe 
cxjiloded or was smashed into pieces. And yet we cannot 
/li once say that such a supposition is im^joasible. We shall, 
however, endeavour to show that recent investigations have 
almost entirely destroyed the temporary favour with which 
it was at one time received. 

It is, we must allow, a very remarkable fact that the mean dis- 
tances from the Sun of the three Minor Planets first discovered 
(which am also undoubtedly three of the largest), all agree, 
as we have previously mentionetl, very closely indeed with that 
at which Bode's so-called law indicateil that a jdanet might 
probably be found ; while that of Vesta, the fourth in order 
of discovery, differs but little from a similar value. And not 
only so, but it is almost e^jnally remarkable that the imths 
of these four are found nearly to jiass through two opposite 
jjositions in longitude in the heavens, the one in the north- 
west of the constellation of the Virgin, the other in the west 
of that of the Whale. This is just what the fragments of an 
exploded jilanet would do, and for the following reason : — 

If, from a jMiint at any given distance from the Sun, a body 
be sn])posed to be started in spate in any direction whatever, 
it may be showu, by mathematical investigations, that, the 
eflFect of the Sun's attraction will bend the jiath of the body 
out of the straight line in which it would otherwise proceed, 
into one of those i.'un'es which, owing to their being ]>roduced 
by the intersection of a cone with a plane cutting it in certain 
well-known directions, are termed conic sections. 

If the initial velocity of the body be e.ractly eijual to a 
certain value, the path will be a parabola ; if it be less, it will 
be an ellipse ; the ellipse under certain conditions having its 
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rwo {•riDcijial diameters eqnal, io vkicli case it becomes « 
rircle. If the velocity exceed tlie above valae, the }i«th will 
be a hyjierbola. The form of these three carves ia shown in 
the accomjisiirtng diagratu. Fig. LXIL; the elli]ise being a 
closed cune ; while the other two exteod to an infiaile dis- 
tance, OD either Bide, beyond the jiortioa which is drawn. 

It follows, from the forms of the above curves, that, if the 
bodv of which we are 8]>eaking move in a {tarabola or in 
a b>i>erbola, it will, according as its motion Ix^itis by being 
away from, or towards the Snn, either without delay proceed 
farther and ftirther from it ; or else it will gnwiaally a[>]ironch 
and. after ••nee swcfjiintf round ir, jiass away never lo 




retarn ; which in believed to bo actually the case with eome 
comets whose orbits are hyjierbolio or parabolic in form. 

But. if a I'lauet had exploded, it is more probable that the 
^-elocitiea of the great majority of the fragments, immediately 
aftf r the explosion, woald be such as not to exceed the limit 
which wotdd jierniit them thenceforward to move in elHpte*. 
These velocities would be compoauded of that which the plauct. 
I)Ossessed at the moment in qnestion, and of those generated 
by the explosion itself; and it is difficult to conceive of aa 
explosion so violent, that the resultiug veliwity of any fragment 
would differ so mnch from the original velocity of the jdaaet, 
us to cause its future jiatli to be a hyi>erboIa or a iiarnbula. 

We will therefore assume tlmt snch fragments would proceed 
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to move in ellijiseH round the 8iiu as a focas. But we mOBt 
remetuljer thnt tliese ellipses might be in many difieTeat 
plaues, and of varimis degrees of ovalneas, according as the 
veiocitv generateil in any fragment by the explosion might be 
ia, or greatly inclined to, the original plane of the planet's 
motion ; and aoeordiug as it might be io such a direction 
as to make rhe rasnlting velocity greater or less than that 
I>088es8ed by the jilanet. 

For instance, some fragments might be projected exactly in 
the direction of the planet's previous motion. The whole of 
the additional velocity communicated to them by the explo- 
sion, would in that case be added to the velocity of the plauet. 
Others projected in other directions would have renultiug 
velocities of less magnitude. The velocities which would be 
the least would be those of fragments i>rojected exactly liack- 
wanls. 

But if, as is probable, the velocity given to every individual 
fragment by the exjilosion were much less than that of the 
plauet in its orbit, all would afterwards move in their various 
imths in the same direction round the Suu. The only effect of 
a different velocity and direction in starting would lie seen in 
the differiug si7,e, and ovalness, and iuclinatioa of the ellipses 
described. There would also of course be involved a corre8(>oud- 
ing difference in each one's jieriod of rotation round the Sun.* 

But there are two other facts connecteil with such a series 
of orbits which are deserving of special atteutiou. The oue ia, 
that, notwithstanding the different durations of their jieriodic 
times in their orbits, thu various fragments, as each one's orbital 
period might be completed, would i-eturu to, and jmss through, 
the same jioint from which they all started on the occur- 
n-nce of the explosion. The other is, that, moving as they all 
wotdd in planes pnssing through that point and the Sun, they 
would also, once in ench rerolutioii, jmss through some point, 
upon the opiiosite side nf the Sun, wftich would lie iti tfie pro- 
lontftttion of the straight line joining the point of explosion with 

• The above Btatements depend upon Kepler'e three laws (see Lecture V., 
p. 121). and are fully proved in trentiaes upou dynamics, in which the 
motion of bodies under the action of a central force ia discunsed. 
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t/ie Sun. They would, of coarse, pass at iliffertDl liitaa 
beyond the Snn, aod at different ejiocha of time ; U 
obflen'er placed at the jioint of explosion, or directly berew 
and the 8nD, the points of which we speak wouI<l all a|'i«i«s< 
lie in one straight line, and the fragments n-otild coii»<)iirf 
api>ear to pass, once in each revolution, through tlte p^tn 
which the ilirection of that line wonld intersect the f4* 
sphere. Tliis is citherwise expressed by saving lliat iM 
snch times would have the saiue celestial long^itaile. 

Now it is exceedingly remarkable, as we have nitfiiti'ts 
that the above two conditions were approsLimatelT t«li*fi^ I 
the orbits of the four Minor Planets first discovereii; 
the third, Juno, and the fourth, Vesta, were actually fonnii 
one in the constellation of tbe Whale, and the other in '1*' 
the Virgin, as the result of a search made in those two tf ]■* 
parts of the heaveus. the advisability of which was sof;s:™ 
according to the princijile which we have jnsi ejtplainol. if ' 
comparison of the orbits of the first two. 

Tlje hypolhesis put forward by Gibers, who at the liepM^ 
of the present century was most active and ioterest'sl u'*' 
search for these bodies, — viz., that they might he the &* 
meutB of an exploded planet, — was therefore received wilt »«* 
attention, and a]ipareutly suii(>orted by the above discvrfp* 

But, as time has gone on, it has been pPove<l that ihf 'W^ 
of very tnany, instead of continuing to pass near to anj"* 
point, of the heavens, and through a longitude exactly <.if[»* 
to it, are so separated, that the nearest distance of rik* 
(as we have stated) from 5tt to 70 millions of miles grrf 
than the farthest distance of others ; while the ovalues*. J 
the positions of the ]ilanes, of the orbits, vary within 1*5 
wide limits. It has also been found, as we hope onr Teii< 
by this time remember, that the Minor Planets are sprwdi^ 
a region not much less timn JtOO.OtHl.OOO miles in width. TV 
hypothesis suggested hy Olbers has consetineutlv been ?'•'* 
up by nil, or nearly all, astronomers of note. It is n-> it** 
true that, if the orbits had at first been snch as wf la" 
described, their mutual ])erturbations would have gmliall 
changed them : but the change would have l>ecii jn iis.^* 
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Blow, and the amount of change to he produced so great, that, 
even if it he considered theoretically possible for them to have 
thus attained their present positions, an interval long hej-oad 
all reasonable belief, or almost beyond imagination, would have 
been necessary for the purpose. 

lu fact, the differences existing between the various orbits 
are practically sufficient to forbid our supjioeing that any con- 
ceivable series of i>erturbatious could hare sufficed to generate 
them. At the same time we must allow that it is quite im- 
possible, owing to tiie number of bodies involved, and the 
extreme com|)lication of the problem, to work backwards, so as 
absolutely to determine whether the necessary conditions could 
ever have esisteth An attemjit to do so approximately was, 
however, some time since made by Encke, in the case of a few 
selected orbits, the result of which, so far as it went, teuded to 
negative the aupjiosition. 

We may therefore say, that the orbits of the Jirst Jour Minor 
Planets undoubtedly supported, to some extent, the h}'])othe8iB 
that their origin might have been due to the explosion of a 
larger orb. But the orbits of those which have since been dis- 
covered in such large uumbere, and the great difl'erencj?s fouud 
to exist between very many of them, have well nigh given the 
above-mentioued theory its final death-blow. 

We have already stated our reasons for believing that the 
aggregate mass, or bulk, of the Miuor Planets is, comparatively 
speaking, very small. This is, we think, another argument 
against the hyiwtbesis of Olbers. So far as we can judge, any 
planet, by the explosion of which they might have been formed, 
vould have been of so insignificant a size as hardly to be 
worthy of comparison with the other members of the planetary 
&mily; unless we imagine an ex]iloBion to have occurred so 
terrific as to have almost entirely dissipated it into dust, or into 
millions of fragments far too small for our observation ; or that, 
by some fearful catastrophe, the greater portion of it was con- 
verted into gas, so that it disappeared from view, as a nebtda, 
or as a series of nebulas too faint to be seeu. Nothing, however, 
with which we are acqnninteJ iu the physics of the Earth, or 
of which we see ti-aces in the Moon, in any wise suggests the 
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pogsibtlity of tlie action of any exidosive force of so tremendous 
a character. Our previous argumeute (see Lecture IX., ji, 219) 
against the existence of a thin crust covering a seething maw 
of central fire in the case of the Earth, may aleo militAte to 
some extent against the theorj' of the explosion of a hypo- 
thetical ]ilanet. 

We cannot afford s))ace to discuss at any length the jios- 
sibility of such a supposed jilanet having been broken up by 
violent collision with some other heavenly body. If such a 
body were of suitable size, aud the collision sufficiently violent, 
it is qnite conceivable that the heat generated might have 
almost entirely converted both it and the planet into gas, and 
have only left a comjiaratively Small mmiber of fragments in a 
solid form. But, if we assume the existence of such a hypo- 
thetical ]ilanet, it is verj' difflcnlt to conceive where the other 
body should have come from, unless perchance it were a comet 
with an unjirecedentedly large aud solid nucleus. Moreover, 
the same conclusions as before would follow, as to the snb- 
sequent jiassages of all the fragments, from time to time, 
througli the jioiut where the collision occurred, and through an 
opjKisite direction in longitude; and a similar difticulty would 
be involved in the fact that this is not the case. 

We therefore consider it to be a much more reasonable 
supposition (as we shall more fully explain a little farther 
on) that, at some long i>a8t ejioch, when the matter of the 
Solar System may have been gradually aggregating from a 
nebulous, or |)artly va|iorous, condition to form the varioos 
planets which now (rircle round the Sun, a vast quantity of 
matter was in a long course of ages collected from the 
neighbouring regions of s{>ace into the huge bulk of Jnpiter, 
while a comjiaraiively small amount was left between the orbita 
of Jupiter and Mars, whicli only sufficed to generate a uimibev 
of much smaller bodies. 

If so, such bodies may have been at first even more minute 
than they are at i>resent, and, by collision and mntiml attractioo, 
have gradnally become fewer and larger. And such collision^ 
and the consequent fusing together of two or more, may gttll 
-occasionally occur, although they must he exceedingly nn 
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amongst those with which we are acquainted, owiug to the 
paucity of their iiumbers cotn)>areJ with the vastoess of the 
»;)ace through which they are scattered. But if there really 
be millions too small for us to detect, sut-h aggregation may 
Btill be going on with grearer freiniency. 

It will, however, be noticed, that we have uot, thns far, 
iu snggeating such au origin for these bodies, in any wise 
accounted for the excejitional inclination of a considerable 
number of their orbits to the plane of the ecliptic. And we 
may take this op]tortunity to remark that these incltnationfi 
involve a a|)ecial difficulty iu connection with the jiroeess by 
which the jilanets are sojiiiosed to have been formed, in the 
gradual development of the Solar System according to La|)lace's 
Nebular Hyjiothesis. He imagined that the various planets 
were originated by rings thrown off from the equatoreal jiarts 
of a nebula, while it was rapidly revolving round a jKilar axis. 
But if such a ring, containing less matter than usual, had been 
thus cast off, and had gradually formed the Minor Planets, 
we should have expet-led to find them all revolving in jdaaes 
inclined at no great angle to that of the ecli)itic, as is the case 
with all the other ]ilanets. 

The considerable incliuatiou of many of their orbits, therefore, 
leads us to one of two sn]ii>08itioos. It may be, according to 
a modification of the Nebular Hyjiotbesis which has been 
snggesred, that the successive jtortious of the original nebula 
were se]iarated, not as equatoreal rings, but ns .sjiheroidal 
envelojies, which iu most cases, after a while, gradually ran 
down (if we may be allowed to use the expression), through 
the descent of llieir ])olar regions towards their equators, into 
the form of rings, by the breaking np and aggregation of which 
t.he planets were formed. Ujion this suii]io9ition, it may 
[)erhaps have been possible for a considerable number of the 
Minor Planets to have been generated in various latitudes of 
such an envelope, befi^re it degenerated into the form of a 
ring, the result of which, in some way not very easy to 
conceive, might be that (hey wuulil finally move in widely 
differing planes. 

Or, on the other hand, we may imagine, that, during the 
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whole }jeriod of the coutractioD of the Nebola, from which, 
according to the hypothesis of L&phkoe, oar systein mar 
have originated, a ven- large amoant of meteoric matter 
existed in its midst, or in the regions through which it was 
travelliog, aud that the aggregation of such matter had much 
to do with the formation of the variocs ]ilanet3. It ia well 
known that a considerable quantity of meteoric maner is still 
scattered throoghont the Solar System ; bat in ages long past 
it was probably mach more abondaut. 

In those times long ago, may it not be, that comparatively 
little of such matter as lay within the orbit of Mars escajietl 
the powerful attraction of tlie Sun, and that what did so esc^« 
remained in an e8i>ecially fine state of division? If so, we 
can trnderstaud why it is that sncb meteorites as are oon- 
Htantly ]iasBiug through the Earth's atmosphere, and fidling 
upon its 8urfac« in the form of shooting stars, are eseeed- 
iugly miunte in size. 

But to proceed nHth our explanation of this hypothesis. It 
may also be BUjjjtosed, that the neighbourhood of the larger 
])lanets, and eB]>ecially tbat of Jupiter and Saturn, at a distanoe 
where the attraction of the central mass of the Sun would 
have a greatly diminished efleci, has supplied a great qiuuititjr 
of snch matter towards the fonnatiou of their gloWs. At the 
same time we may conceive, that, at a distance from the Son 
lying between about 1 5O.(KX),0l>l) and 400,(X)0,000 miles, 
meteoric masses, somewhat larger in size than those which 
exist nearer to it, might still remain in their pristine orbits, 
the inclinationt of which orbits might in some cases be very 
considerable. Tlicse may be really the bodies to which we 
give the name of Minor Planets. The Minor Planets, uj»on 
this supjMJsition, may i>erhapB be considered the best examples 
extant of the original condition of some of the ])rimeval matter 
of the Holar tSyflicm. 

This same hyimthesis, which, however, we must confess is 
devoid of any certain evidence, also suggests that, in the vast 
spaces between the orbits of Jupiter and Saturn, of Saturn 
and Uranus, of Uranus and Neptune, — 8]iaccs ao vast that the 
attractions of their great globes would, owing to the effect of 





distaoce, li'se miic-h of their aggregating ^lower, — there may be 
myriads ui)on myriads of Minor Planets having a similar origin, 
and of a considerably larger bulk than those which we bave 
discnssed in this lei-tnre, bnt all iuvisible owing to their great 
distance from us. If so, great as are the wonders which we 
Bee in the system of which we form a |iart, and numerous as are 
the little jilanets which we have discovered, there may belong 
to it wonders still greater, and jilanets still more nnmeroiis, yet 
anseen. 

Let the origin of these minor members of the Sun'e family 
l>e what it may, there is goo<l evidence that the attraction of 
Ju])iter has, in certain iases, remarkably perturbed their orbits 
in the course of long, long ages, and in an e8|)ecially interesting 
manner. It can be shuwn, by mathematical investigations 
hardly suitable for exiilanation here, that a Minor Planet 
moving at such a distance from the Sun, that a certain whole 
number of its iieriods would be equal, or almost exactly equal, 
to an integral number of those of Jupiter, would |ieriodicaIIy 
come into such a jioajtion, that Jujiiter's perturbing effect would 
be repeated ujion it, again and again, in a very similar manner. 
Its orbit would consequently be so disturbed as to be quite 
changed in its perioil, eccentricity, and distance from the Sun. 
It would no longer be found where it originally was ; or, 
I)Oflsibly, the planet might be brought into collision and union 
with some other which it would not otherwise bave api)roached. 
In either case, gaps would be formed in the series at such 
distances as would corresiwnd to such i)eriodic times. Such 
a jirocess would doubtless have been most effective, if it be 
snpitosed to have occurred while the Minor Planets were being 
gradually formed out of nebulous or meteoric matter; in fact, 
while they were much more numerous and smaller than they 
probably are at present. 

Professor Daniel Kirkwood was, we believe, the first to notice 
(when not much more than one-third of the jiresent number 
were known) that such gaps in the series acttially existed ; and 
M. Niesten, in his recent article in the Annuaire of the Obser- 
vatorj' of Brussels for 1881, bos shown that the same fact 
still holds good, esjiccially at distances eqnal to 2^ and 3^ 
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mission, ropied (and at the same time rediirod) from one pab- 
liahed in his article. The scale is intended to ^present mean 
distances varying fmm two to four times that of the Earth. 
Tlie niimlwr of Minor Planets known in August 1880, whose 
orbits i'orres]Mmd to the varions distanees lying between these 
limits, is indif^ated by the small dots wliich are seen on the 
left of the scale. The gaps at 2-50 (or 2^), and 3-25 (or 3^^), 
as well as another at abont 2, times the Earth's distance, are 
especially evident ; while some others not quite so decided may 
be noticed, a little short of, and a little beyond, three times the 
same distance. 

It is a very interesting confirmation of the above hyjKitheais 
as to the influence of Jnpiter in the production of these gajis 
in the series of Minor Planets, that the princi]tal divisions in 
the rings of Saturn, as we shall show in Lecture XIV., cor- 
respond to those distances from the iilanet at which the minate 
satellites (by myriads of which the rings are probably consti- 
tnted) would be iu like manner affected by the commensnrability 
of their jieriods with those of some of ihe nearer of Satnm's 
moons ; while other smaller gaps caused by these, or by some 
of the other moons, seem on rare ixicasions to be faintly 
visible in the indications which have been noticed of additiontd 
concentric divisions in the rings. 

After all we may ask :— Are the Minor Planets to be looked 
H])on as useless, or nearly nseless, members of our system ? 
Certainly not I If our space permitted, we might discuss 
several ira|)ortant benefits already derived from them. 

For instance, we showed in Lecture I., jiage 1 8, with reference 
to the determination of the Sun's distance, that the accuracy 
with which the minuteness of their star-like discs enables us to 
measure their apparent distances from neighbouring stars, may 
be of great advantage if we use such of their number aa 
approach the nearest to the Earth, for observations of the same 
kind as those which Mr. Gill made of the ]ilanet Mars in 1877, 
in the Isle of Ascension. The minor planet ^thra might have 
been so used in February of last year (see Nature, Feb. 24ih, 
1881), when it was only about 78,000,000 miles from the Earth. 
In the present year, 1882, on August 24th, Victoria, No. 12, 
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will be only 83,000,000 miiea ; aud on Sept eiiil>er 24th, Sajtpho, 
No. 80, will be only 79,000,000 miles, from the Earth. The 
method to be used for the above imrpose in the jiresent year, 
will, however, be that explained u]ion jiage 15, which, in its 
[iractical a]]i)lioation, involves the comjiarison of observations 
made at observatories aa far apart as jiosaible to the north and 
south of the Equator. It is not in itself so good a method as 
that employed in rbe Isle of Ascension in the case of Mars 
(which is called the method of diurnal parallax, see Lecture I., 
pp. 10, 17), but it will be the most suitable \x\\o\\ the present 
occasion, unless a special expedition were undertaken to such 
a locality as the other method would require. We believe 
that a considerable number of observatories in both hemi- 
spheres of the Earth will co-operate in the endeavour to 
obtain the best result i>08sible from these favourable positiona 
of Victoria and Sappho, 

In the year 1874, the method of diurnal parallax, involving 
morning and evening observations from one and the same 
observatory, was applied in a short series, made at Mauritius, 
to the Minor Planet, Juno, wliich we have frequently men- 
tioned as the third in order of discover)', and probably the 
foiu'th in order of magnitude. The result was a verj- fairly 
satisfactory estimate of about 93,000,000 miles for the Eartih's 
distance from the Sun. This value is es]iecially interesting 
from its close accordance with that obtained by the nse of the 
same method in Sir. Gill's observations of Mars. 

Once more, the Slinor Planets which pass comparatively near 
to Jupiter enable iis, by the perturbations which their move- 
ments undergo, to measure the weight of that great planet with 
considerable accuracy, and confirm the value calculated by 
various other processes. 

We also hope that this lecture has shown that the con- 
tinued observation and study of the Minor Planets may ia 
time he found to be fraught with much instruction with 
resjfect to the jiast history of the Solar System. In any case, 
we may say that, the more exce])tioua] their character, the more 
unlike they are to the other planets in size, in orbit, in aom- 
ber, the more do they deserve our most careful attention. 
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We venture, in conclusion, to mentioD one other iioint which 
we originally discussed in a lecture delivered in the year 1878 
at Gresham College, and to which we have already made a 
slight allusion in the tenth of this series of lectures, viz., the 
jioBsibility that, us at least one of these bodies is kuown to 
come some 5,000,000 miles nearer to tlie 8ua than the maxi- 
mum distance of Mars, the satellites of Blars recently dis- 
covered may really be two MiQt>r Planets jjicked u|i by it, and 
permanently mastered by its attraction. 

IVe suggested that, if such a Minor Planet were at any given 
moment in a certain iiositiou in its orbit, and if Mars at the 
same time jiassed very nearly tlirougli thi- same B]>ot, and with 
almost exactly the same velocity (which is ([uite jiOBsible), it is 
conceivable that the Minor Planet might thenceforth become 
its satellite. More recently, however, it has occurred to us 
that the remarkable ratio which exists between the [wriods of 
the two satellites (tlie one being almost exactly four times 
that of the other), when compared with the similar almost 
exact integral multijilication of the periods of the innermost 
satellite, which we find in the case of those of Jupiter, and also 
to some extent in those of Saturn, seems to jtoint to some 
common process in the formation of all those satellites, and 
to their having been in each instance in some way cast off 
from the primary to which they belong. We must, however, 
refrain from any further indtdgcnce in such sjiecnlatious as 
these. They may be fascinating, but they may for that very 
reason be conducive to error. 

Here then we must leave the Minor Planets, with the lioiie, 
that our arguments against the hypothesis of their origin 
in an explosion of a larger planet may, at any rate, have 
sufficed to afford some consolation to those who might other- 
wise, with a sort of analogical fear, be nervously looking 
for a similar occurrence in the case of the Earth. Whatever 
the ultimate destiny of this world may be, we do not exitect 
that it will be broken up into a swarm of Minor Planets. 
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■'Olcltsco|)e, iTiatriinicnt of inuuli kii owl wlji*. mare prctious Ihaii flnj-KOCptwl 
iB not lie who holds then in his hand made king and lord of the work* of Oodt 
"All that iH oTerheod, the mi^bty ucbs, 
With alt their motions, tbou du»t Bubjngate 
To man'H intelligence." — Kepler (tramlattd bij E. S. CarU^'), 

About sixty millioas of miles beyond the outer bonndary of 
the vast region in which, as we have seeu, the tiny Minor 
Planets are sparsely scattered, we come to the orhit of the 
huge planet Jupiter, Well may it Ije called huge, for its 
apparent volume, althongh about a thousand times less than 
that of the Sun, is nearly 1,300 times greater than that of the 
Earth. 

The real volume of the planet Jupiter is also doubtless 
very large. But whether its real volume is nearly the same as 
its apparent volume, or very much smaller, we cannot say. 
We have many reasons for believing that the bouudarj' of the 
globe which we see may be no tme boundary of the body of 
the planet ; that what we behold may very likely be only some 
vast and cloudy envelope, lying like a fog upon a central solid 
ball, or separated from it by a considerable interval in the 
same way that the clonds of the Earth's atmosphere are in 
general raised above its surface. Or it may be that the con- 
stitution of Jupiter more or less closely resembles that which 
many astronomers think to be the most probable condition of 
the Suu ; that the planet i)0S3esBes no solid nucleus at all, 
but is wholly fluid or viscous, and perpetually ]icrmeat«d by 
tremendous currents of gas. 

To this last supposition, however, one objection may be 
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which doea not apply to the ease of tlio San. If we consider 
the vast pressnres which must exist within Jupiter as a con- 
sei]nence of its mighty bulk, it would seem that, in order to 
prevent it from solidifying, it wonld need to be pervaded by 
such a high degree of temperature that it would shine with an 
intrinsic brightness comparable with that of the Suu. Bnt 
careful estimations of the amount of light received from it do 
not indicate the existence of any exceedingly high degree of 
temperature, although it has been anspected that some light 
is really given out by it in addition to the Solar light which 
it reflects. 

Owing to the absence of any indications of such a tem- 
perature as would probably render the whole planet fluid, 
many astronomers therefore believe, that there is a central 
globe in Jupiter in a condition more or leas tike that of the 
globe of the Earth. If so, such a globe may lie far within 
the cloudy outer envelope visible to ns, and at a distance greater 
or less according to the temperature which it at present pos- 
sesses ; i.e. if the central globe be colder and denser, it will be 
so much the smaller; if somewhat hotter, and less dense, it 
will be 80 much the larger. 

Quite apart, however, from the uncertain question of its 
internal couatitntion, or of the size of ita central globe, we are 
able, by observations of the periods and movements of Jupiter's 
satellites, as well as by some other more complicated methods, 
to determine one uudonbied fact connected with it, which is by 
itself tjuite sutHcient to justify us in speaking of it as very 
huge ; viz,, the weight of the planet as a whole. The most 
careful calculations prove that it weighs rather more than 
liW times as much as the Earth. 

The above statement, however, necessitates that, if its globe 
be really bounded by the envelope which we see, it must be 
formed of matter upon an average more tlian four times lighter 
than that of the Earth. This is found to be the case by 
dividing the number 1,300, which is approximately the number 
of times that the volume of such a globe would escee<l that of 
the Earth, by the last mentioned number, 300. 

But, if the planet be not in a considerably heated condition^ 
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80 small BD average density seems once more to be hardly 
consistent with the immensity of its size, and the consequent 
inteasity of pressure which, as we have already hinted, iun$it 
exist in the vast depths within it. Moreover, the fact, that 
the calculated value of the attraction of the force of graiity, 
upon its siiriace, is found to be nearly 2i times • as great aa 
upon the surface of the Earth, is another reason for the 
existence of a nuich greater, rather than a smaller, average 
density in the i)lauet as a whole. We may, therefore, coucluile 
that the joint action of two causes aflbrds the most probable 
explanation of the apparently small density of the planet 
Jupiter: the one, that its real and more solid part lies far 
lieneath the cloudy envelope which hounds our view ; the other, 
that even that central portion may be in a state of verj' 
considerable heat (althongh not sufficiently hot to be decidedly 
luminous), and be consequently expanded to a greater size and 
a lighter density than it would possess if it were cooler. 

We have been led to make the preceding jirelimiuary remarks 
touching upon some deeply interesting physical speculations 
which we shall presently treat at greater length, by our use, 
iu the first paragraph of this lecture, of the expression " tJie 

* This iDAj be approiimntelj- calculated by the foUowing method, 
which, with the Deoeesary nltenition of figures, will equally well 'pply lo 
other pIiiaetH : — 

A sphere Bttracti any exterunl oliject aa if all Ihc matter io the sph6r» 
were coadensed at its centre. The weight of Jupiter beiiij; fouad, froiu 
the rotation .period of any one of its satellite?, or hy some other method, 
to be alxiut 300 tiroes that of the Earth, gravity upon it« surface would 
be 300 tiniea as great ns upon the Earth c surface, if the respectiTe dis- 
tituceB from the centre to the surface were the tame in each pUn«t. 
But the distance in question being about 11 times as great in the ciib« of 
Jupiter, and gravity acting inversely an the square of this distance, the 
attraction will be diuiiuiybed about I'il times Since 121 will divide into 
300 rather less than 'i\ times, it results that gravity upon Jupiter's surfttc« 
is somewhat lens than '1\ times as great as it is upon the Earth's. A 
man weighing 15 etonek upon the Eatth wnuld therefore weigh about 
37 stones upon Jupiter, and n pound nvoii'dupois would weigh aboul 
31> ounces. A lM>dy dropped from re^t would fall about .^1) feet instead at 
in feet in the first second of its fall, and would at the end of that wcoad 
velocity 2| times a<i great a^ it would upon the Earth 
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apparent size of Juiiiter," which natnrally anggcBted the 
questiou, — Is what we see really the boimdary of the planet; or 
not? It may, however, be well, liefore we indnlge in any 
farther discussions of a similar character, to state a few facts 
which have been certaiuly ascertained with regard to the 
dimensions of the [ilanet and of its orbit. 

The surface of the globe, seen by us, which (whether it more 
or leas exceed in size the real body of the planet) is all that 
we can nieasare, is aboat 120 times that of the Earth ; more 
than 6,00(1 times that of Europe ; and more than 400,000 
times that of England. 

The efiiiatoreal dimneter of 3n\nU.-\- in.'usuivw about f<8.000 




miles.* Bnt the polar diameter is more than 5,000 mile> 
shorter, the proportionate difference I>eing greater than in the 
case of any other planet, except Saturn. 

So vast is the size of the apparent globe of Jupiter, and so 
considerable the amount of its polar flattening, that, if a 
diagram be carefnlly drawn to scale as ia Fig. LXIV., and the 
sliajTe. which one-half of a circular disc of the same diameter 
as its equator would have, be indicated by a <lotted line, the 
distance between one of the poles of the real disc and the 
dotted semi-circle wotild more than snffice to receive onc-lialf 
of the disc of the planet Mars. lu fact, between the centre 



* The aboTe value o^HuineH the ^un's distance from the Earth ti: 
about il3,fX)O,0Ort miles. If thnt distance lie greater, the afiparent wi 
of Jupiter'n disc will represent a proportionally greater diRoieter, and 
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of Mars, aa we have drawn it, and the semi-circle in question 
there would remain a vacant space, which, although only just 
diatinguiBhahle in the figure, ia really about 5lX) miiea across. 

Jnpiter imrsnes his journey round the Sun * at a mean 
distance very nearly equal to 5i times that of the Earth. If 
the Earth's mean distance be estimated at 03,000,000 miles, 
Ju|iiter'8 will therefore be about 484,000,000 miles. 

But this mean distance is subject to cousiderable variation 
owing to the ovaluesa of the planet's orbit, which, although only 
about one-half of that of the orbit of Mars, and less than ooe- 
fourtii of that of Mereury, is tli ree times tliat of the orbit of the 
Earth. .Such an eccentricity, or ovalness, is in fact measured 

• Wo should more accurately say (sue Lecture V., p. I'^l), round the 
common centra of gravity of Uie Sun and Jnpiter. For $. similar law 
to that which we explained in the case of the revolntion of the Earth 
and the Moon around their common centre of gravity (see Lecture III., 
p. O'i) holds for any two mutually attracting bodies; and it ia worthy uf 
notice, that, so far as the Sua and Jupiter are concerned, the conunou 
centre of gravity about which they would revolve ia nut teMin Ihe Sun, 
but even when Jupiter \a st its nearest to the Son, and their ceotrv 
of gravity conitetiuently at its closest approach to the centre of the 
hitter, it is some thousands of inileii outside the Sun's surfuuc. 

This niiij' be iiniybly proved s* follow.. L.'t s in Fig. T,XV. !« tiio 
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by a fraction which ia i-ather Icaa than jVfi' ^'^ ^^^^ ^^1'^ value 
of ita greatest distance from the Snn ia rather less than a j'^th 
part (or aboat 23,0(10,000 miles) more, than the mean value, 
which we have already stated to be about 4tS4,0(lO,[>CH} miles. 
Jupiter's greatest distance from the Son consequently amonnts 
to about 507,000j0IX) miles. In like manner its least distaoci' 
is 23,000.000 miles less than its mean distance, or very nearly 
461,000,000 miles. 

If only approximate numbers be desired, auch as may easily 
be carried in the memory, it may be said that the planet's 
distance from the Snn varies from about 400,000,000 to abont 
510,0(X),00(i miles ; its mean distance being somewhat over 
five times that of the Earth. From this it would also follow 
by Kepler's third law (see p. 122) that, if we cube the number 
5 (which gives 12-5), and then take the square root of this latter 
number (which ia somewhat greater than 11), Jupiter's year, 
or the period of its orbital rotation, must be somewhat more 
than 1 1 times as long as the Earth's year. 

Its more accurate value ia found to be very nearly 4,332§ 
days, I.e., about Hi years, or about 50 days less than 12 years. 

Jupiter travels in an orbit, the plane of which is inclined at 
less than li° to that of the ecliptic, or to the plane of the 
Earth's orbit; an inclination smaller than for any other planet, 
except Uranus. While travelling in auch a plane it keeps ita 
polar axis very nearly perpendicular to it, the deviation from 
an upright position being only about 3°, instead of nearly 
231', aa in the caae of the Earth. 

Jupiter's velocity in its orbit, owing to its greater distance 
from the Sun, is, of course, much less than that of the Earth. 
While the latter moves at the rate of more than 18 miles per 
second, the speed of the former is only about 8 miles [wr 
aecond. Tliis, however, amounts to about 29,000 miles per 
hour. On the other hand, the huge bulk of the planet appears 
to turn on its polar axis nearly 2J times as rapidly aa the Earth. 

With regard to the exact period of its axial rotation, as we 
shall presently see, considerable doubt exists, owing to the fact 
that somewhat difl'ei-ent reaulta are given by the observation of 
the times io which spots upon different parts of its surface are 
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Been to go round it. Its moat probable value, however, is 
ftboDt SS honrs do^ minuteg. 

It m«y be interesting to contrast the corresponding speed 
for a jwint upon the Earth's eqnator with the vast speed 
with which a point on the equator of Jupiter is thus whirled 
round and round, as the result of so rapid a rotation and the 
large diamc'tor of the planet. Such a point upon the Earth 
16 carried through a distance equal to abont 3i times the 
Earth's diamet*;r, i.e., through about 25,000 miles iu 24 hours ; 
or with a velocity somewhat exceeding 1,0(MJ miles per hour. 
But the equatoreal circumference of Jupiter is 'il times a 
diameter of nearly X8,000 miles, or about 275,000 miles, and a 
point ui>on it is carried round this distance in less than 10 
hours, or with a s)ieed of nearly 28,000 miles per hour. 

It also deserves notice, that the Earth rushes round the Sun 
with a speed of between Q'),(iO*) and 00,0<X) miles per hour, so 
that the velocity of any place produced by its axial rotation, 
althougli very great, is nevertheless more than 60 times less 
than that produced by its orbital motion ; while, in the case of 
Jupiter, a curiously near approach to equality exists between 
its orbital velocity and the velo<;ity of rotation of a jioint U|>oa 
its eejuator. The average value of its orbital velocity, in fact, 
only exceeds the value calculated above for the result of the 
axial rotation, viz., 28,000 miles per hour, by about 750 miles. 

A very remarkable result in consequence arises, which we will 
endeavour to explain by means of the diagram in Fig. LXVI., 
in which the direction of the rotation of Jupiter round the 
Sun from west to east is represented by the arrows round the 
large circle ; and that of the equatfir of the planet round its 
axis by the smaller arrows at r and q. 

When any place is iu the position Q, its meridian is turned 
directly away from the Sun, and it is passing through the hour 
of midnight. The arrows which point in the same direction 
show that, at such a time, the speed of movement through 
S])ace of the place iu question will equal the sum of tliat caused 
by the onward motion of Jupiter in its orbit, and of that due 
to the rotation of Jupiter u]nm its axis. It will in fact be about 
twice 28,000 miles, or nearly .i7,000 miles per hour. 
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Bat for a place in the position p. which is passing throngh 
the instant of noon, the two velocities are in exactly opposite 
directions, as the arrows again indicate. An observer in soch 
a jiosirion (so far as these velocities are concerned) would there- 
fore at noon, or within a brief period before or after it, be almost 
at rest in space. And, iuasmach as Jupiter's velocity in its 
orbit varies by as much as l,5l"tn miles per hour on either side 
of its mean value, and that mean value only differs, as we have 
stated, by ahont 750 miles per hour from the velocity caused 
by the axial rotation of a i»oint upon its tHjuator, it follows 




Fig. LXVt.-Comii-r 



that there must be times in each period of the planet's circuit 
round the Snn, when the one velocity will at noon precisely 
neutralize the other. 

We have therefore shown that, so far as the above velocities 
are concerned, an observer upon the equator* of Jupiter would 

• That is to say. upon the equator of the surface of the globe, which 
is viaihle to us. The compensatioa of the one velocity, to which we 
h»ve referred, by the other, would, of course, more or lew fall short, 
if the real equator of the body of the planet were that of s globe situated 
at a considerable dietance within the limits of the sphere which we behold, 
according to the theory mentioned in the earlier part of this lecture. The 
nearer such an equator might be to the planet's centre, the «maller 
would be the velocity communicated by the planet'ti rotation to any 
point upon it. 
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at such a time be at rest in space. Indeed, he would lie 
lier at rest, were it not that we believe that the Snu 
and all the plauete are together travelling onwards with a 
1 motion ronud some very distant centre. Those who 
are accustomed to the nse of the spectroscojie may, however, 
undei'etand, that the conditions involved would facilitate some 
specially interesting observations upon the approach or reces- 
sion of other heavenly bodies, or upon the motion of the Solar 
System itself 

We must, however, hasten on to the consideration of some of 
the many and very interesting physical featares of this wonder- 
ful planet ; amongst which we shall find that its Spots and 
Belts are most important. 

These the astronomers of olden time of conrse never saw, 
although they so carefully watched the movements of Jupiter 
that one record lias been handed down, dated more than 
twenty-one centuries ago, in which Ptolemy tells how, upon 
a certain day in the autumn of the year b.c, 240, the planet 
was seen to occult the star h Cancri, the same star which was 
distinctly seen near to the Sun during the total Solar eclipse 
of July 1S78. 

But now that the telescope lias come to our help, it is hanlly 
possible to look at the disc of Jupiter with an object-glass of 
two inches, or even less, in aperture, without being at once 
struck by certain dark streaks runniiig across its surface, in a 
direction approximately parallel to that in which its Satelhtes 
are also seen to lie. 

It is doubtless strange that these streaks, or belts, do Dot 
seem to have been noticed by Galileo,* and that the first obser- 
vation of them was not made until about twenty years after 
he detected the Satellites of the planet. But from that time 
onwards, they have been constantly watched. Nor was it long 
before they were found to exhibit freqnent changes ; so that 

* Id England we are accustomed to cnll Galileo Galilei by his Christian 
Bsme Galileo, imiteiid of using his family name Gnlilei, as is easXtaniirj 
among other nations. We hope it may noon be practicable, f>osMbly fcgr 
using both names for a while, to correct this peculiarity. (See R. A, 8. 
Monthly Notice", vol. xxsviii., p 258.) 
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occasionally only one was visible ; while, in general, two (one 
on each side of the e<iiiator), or three ; and Bometimes four, 
five, six, or even seven, were seen j or, as has happened more 
than once, the whole surface nearly as far as the poles lias 
been traversed by a snccession of numerous and rather faint 
parallel markings, alternately darker and lighter. 

A continuous and careful course of observation has shown 
that some of the principal features of these belts frequently 
remain comparatively constant for weeks or months together. 
At other times they are disturbed by changes so rapid, that 
the only phenomenon with which they seem to be in any wise 
comparable (and even that is on a vastly smaller scale), is 
the extraordinarily ra)>id formation of a etratnm of clond, by 
which we occasionally see a clear blue sky entirely overcast 
from one horizon to the opposite in the course of a few brief 
moments. 

In the various belts, unusually dark spots, or unusually 
bright 8|)0ts, of various degrees of magnitude, may also often 
be watched, while they are carried rapidly round by the 
planet's rotation. Of these, small bright spots are upon the 
whole the most rare ; but they are, if carefully followed and 
studied, as some have been which have recently appeared in 
the midst of the equatoreal regions of the planet, perhaps more 
full of interest and instruction than any others. 

We much regret that the space at our disposal does not 
allow us to enter upon anytbing like an exhaustive description, 
or discussion, of tlie never-ending variety in the appearance of 
the belts and spots of Jupiter. We must perforce be content 
with a brief mention of some of the more interesting observa- 
tions of recent date, and refer our readers for further informa- 
tion to the Records of the Royal Astronomical Society, and to 
many interesting articles which have apjwared in the Obser- 
vatory, the Astronomical Register, and other scientific pnbli- 
cations. 

In Fig. LXVII,, we have an attempt to reproduce a very- 
beautiful drawing of the planet made by Mr. De La Bue, on 
October 25th, 1856. Although the woodcut is certainly too 
barsh in its outlines, and does not very well represent the 



J 






THE PLANET JUPITEH, 



cloudy aud ill-detiiied appearance of the markiogs usually 
Been, it may give our readers some idea of the amount of 
detail which is visible in a powerful telescope. In Plate VIIT. 
are three verj' interesting views, selected from a large nmnber 
recently i>resented to the Koyal Astronomical Society by Mr. 
G. D. Hirst, of Sydney, N. S. Wales, who haa paid sjiecial 
attention during the last few years to the observation and 
delineation of the planet. The view marked No. 1 was obtained 
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with a lOi in. silvered-glass reflecting telescope, and a magni- 
fying power of 214 ; the 2nd and 3i-d views with a 7^ in. Merz 
refractor and a magnifying power of 200, It may be well to 
mention that the copies of the original drawings have l)e«n 
reversed in the Plate, in order that they may represent the 
view that would be seen in a telescope by an observer in 
our northern latitudes. 

They all illustrate the great variety and constant chaugi' 
in the belts and markings to which we have already referred; 
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^lile the third, aud tlie first (ia a less degree), also afford 
liicatious of the appearance of certain large and moderately 
Inbt oval forms, which appear from time to time (and 
^bbly with some approach to a regidar periodicity) in the 
niciital central belts. Of such larger egg-shaped markings 
'regular aiiccesaion, ranged across the disc at almost eyual 
•tervals, aud separated by smaller aud darker sjia^'es, is 
Kjasionally seen ; when the effect produced, as is shown in 
considerable number of published drawings of the planet, 
osely resembles that of a series of arches in a bridge. Many 
irvers so described what they saw in the years 1800-1871." 
writer of this lecture also observed the same appearance 
remarkably distinct in the autumn of 1879. 
"We think that onr readers will find it well worth while to 
idy all the drawings of Jupiter to which they may be able 
obtain access. A large nanilier may be found in vols. xxxi. 
xxxiv. of the Royal Astronomical Society's Monthly Ni> 
18 ; the latter volume containing a verj' fine series observed at 
'MTSonstown with the great reflector belonging to Lord Bosse, 
I well as some drawn by Mr, Knobel. There are also many 
iccellent pictures of the jilanet published in the years 1871 and 
872, in vols, ix. and x. of the Astronomical Uegister. Others 
to be found in tlie volamea of the Observatory ; while two 
specially beautiful woodcuts illustrate an imi>ortaut article in 
ifatwe of January oth, 1882. 

In several of these nmiierous delineations of the planet's 
ppearance, some of the smaller bright or dark spots, to whicJi 
'e have previously referred, may be noticed ; but in the second 
f the three drawings in Plate VIII. it will be observed that 
[be most remarkable feature is a large oblong spot in the 
■pper half of the view, which has not only caused a great 
^niount of excitement and interest amongst astronomers 
luring the last four years, but has so far exercised the 
public mind that it has frequently been discussed in the 
^Inmns of onr daily newspajiers. 

* See drawings in .lilrbnomiad RtgiiUr for April and November 1871. 
AJmo I'ni-ular Hci'iict UtcuK, vol. ix„ pp. 129 nnd 131. Slight iudicstioiw 
>f theae markings are cilito Hhown in Fig. LXX., p. 309, of tbi" lectnra. 
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Id the view in qiieBtion it is seeu when situated not quite 
centrally upon the diac. Indeed, whenever it is upon that side 
of the planet which is turned towards the observer, it is bo pro- 
minent a feature of the surfuce, and so distinct from any otlier, 
that it at once rivets his attention. And yet, huge and most 
extraordinarj- as it appears to be, it first began to attract special 
notice so recently as in the summer of the year 187S. 8ince 
that date it has remained almost unaltered in size, and in its 
latitude upon the diac, although it has recently lost some of 
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the very decided retldish cralour by which the astonishment 
which it at first excited was greatly increased. 

It is now generally known as the Great Red Spot. We be- 
lieve that it was first publicly mentioned by Mr, F. C. Dennett^ 
in the English Meehmiie of November 22nd, 1878, who then atated 
that he ha<l repeatedly observed it since July 27th of that year. 
It afterwards proved that Professor Pritchett had seen it in 

* Fig8. LXVIII.— LXXIII. are taken from the nUeroatorn. »ol. i»., by 
the kind permiasion ot the Astronomer Boptl, who haa most Ubenlly lent 
the author the original wood-blocks. This is alw the case with another 
wood-out in Leuture XFV. 
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A[uei'ica on July Otii ; and that it Imd been noticed as early as 
June 26th at Lord Lindsay's observatory at Dan Echt. We 
have much jileasiirc in showing onr readers two drawings of 
its ap[)earaueG at that time, which were originally pithlishc^d 
in the Observatory of Janoan' and April 1879. The first ia 
Ijy Professor Pritchett, of Morrison Observatory, Glasgow, 
Missouri, dated July 9th, 1S78 ; the second, in which the spot 
in question is marked a, is by Mr. L. Trouvelot, of Cambridge, 
Mass., r.S., dated Sept. 25th, 1878. 

Mr. Trouvelot mentions that its "intense rose colour 




appeared in strong contrast with the white liimiooiia back- 
ground upon which it was projected." Some other observers, 
who went so far iu the exuberance of their feelings as to com- 
pare it to a blood-red flame, must, we think, have been more 
or less carried away by the unexpected excitement of watching 
80 remarkable an apparition. Whenever we have gazed at it 
with a refracting telescope, it has appeared to be of a dull 
brick-red colour. In a reflecting telescope it is, however, likely 
that its tint may be more brilliant. One well-known observer 
of great artistic taste and skill (Mr, Brett) has suggested that 
the best possible idea of the api>earatice which it presented 
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in 1879 may be obtained by fasteuiug a patch of maroon- 
colonred velvet ou a pate orange, and looking at it from a 
conaiderable dig ta ace. 

To tlie B]iot itself there have occasioually been attached 
certain streaky ajipearances, either preceding it, or following 
it, as in the figure before referred to (No. 2), Plate VIII.; 
and its extremities have sometimes been more jioiuted than 
at other times. It has also been thought to be surrounded 
by a border somewhat brighter than tlie bright parts of the 
surface in its immediate neighbourhoiid. 

But, apart from auy minor details of this kind, and ev«u 
from the fact of its remarkable colour,* it deserves our most 
careful attention because of its enormous size, and the per- 
gifltence with which it has i-emaiued not only visible, but almost 
unaltered in shape. It is liai-d for one who beholds it for the 
first time with a telescope, or sees it depicted in a drawing, 
to realize how large its area really is. Its form is approxi- 
mately elliptical ; but its snrfatie is upon the whole larger tlian 
a perfectly elliptic form wouhl involve. The measuremeats of 
Professor Hough, of the Dearborn Observatory, Chicago, made 
with a refractor of 18^ iuches aperture, assign to it a length of 
29,600 miles, and a maximnm breadth of 8,300 miles. It is 
therefore longer than the equatoreal circumference of the 
Earth by between 4,000 and 5,000 miles. Its area is about 
2t>0,000,000 square miles ; which does ntit differ much from 
that of the whole surface of the Earth, while it is about 50 
times as large as that of Europe. 

This Great Red Spot is situated iu about HO", or somewbiit 
less, of South Jovian latitude ; and, ap])roximately, it extends 
abont one-third of the way across the disc of the planet in 
that latitude, when seen in mid-transit. It is therefore so very 
large a feature of tlie disc, that we cannot but think that 

* This colour in nil tho more remarkable when iU latitude in lakeii into 
»c«ount. A reddjnh or orouge-co loured tint is not uncammon in the belto 
□eurer to the equator, but is not so usual in higher latitudes. In 1K7I 
Mr. IiBsnell (see Chambers' " Handbwik of Descriptive Astronomy," 
D. 114) described the colours of the upper and lower belts us purple and 
iliTe-green, while the equatoreal belt was of a brown orange-tinL 
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[QBDy an observer would most certainly have called special 
attention to it, if it had been as noticeable, or its colour a» 
remarkiihle, before tlip year 1878, as since the HQmmer of tbat 

It is, however, very interesting to find, that various traces 
of its previous existence have been recorded. For instance, 
the writer of this lecture has noticed, as he has mentioned in 
the Obsercatori/, vol. iii.. p. 449, that some of the drawings 
of the planet made in 18T3, and published by Lord RosBe, 
afford indications of its presence.' It is also a remarkable 
fact that, near to the same part of the disc, an ellijitic form of 
similar shajH? was fre*|uently seen by Mr. G-ledhill and others 
in 18(iSi and 1870.f But this was sim])ly an outline ellipse 
formed by a narrow black line, the interior of which, with 
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the exception of an occasional streak across it, was as bright as 
the surrounding portions of the disc. 

More recently, however, Mr. H. C. Hnssell, F.H.A.S., of the 
Observatory, Sydney, S.S.W., has stated { that he finds, on 
going through his drawings made during the last few years, 
that he had freijnentiy observed it in 1870, when it waa 
involved in the equatoreal colour-band of the planet and some* 
what different in shape, but not in colour, from its subsequent 

• See B. A. S. Monthly Notices, vol. xsxiv. 

t 8ee Agtnmomicai Regiitrr, vol. ix., p. 249 j iind vol. x., frontispiece 
and p. 68. 

t See " Recent Changes in the Surface of Jupiter," a paper read 
liefore the Royal Society of N. S. Wdlu, December 1860, by Mr. BiumU. 
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ftlipearaoce. He finds its then lootitj t» haxe vxactly com 
epooded with that which the beM receni measntvmeDts gire. 
He sUo mentioas a dnwiog br Dbw^s, nuule in It^T, in 
wticli be thinks that it may be seen. In the O^rrcatory 
for Jannan- IttsK. Mr. Corder, of Gre«t Baddow, Essex, has 
also pabliahed two drawiogs, which he has fonod io his 
possession, made in the year IST'J, in which he considers that 
it is de]ncted. These are shown in Fi|:8. LXX. sod LXXI. 

Again, in the O&sercatory of Febrnarj' 1882 the two drawings 
in Fi^. LXXII, and LXSIIL, one previously nupnblished, 
and the other taken from the " Bulletins de I'Academie Royale 
lie Belgiqne " of 1872, are shown by M. Terby, who is sf> well 
known for his very elaborate stndy of the planet Mars, as well 
as for moch other importact astronomical work. The remark- 
able sjiots to which the letter a is attached are undoubtedly ol" 
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the highest interest, as they strongly confirm the drawings of 
Mr.Corder, and especially that which is dated Mareh 13th, 1872. 

It will be exceedingly interesting if any much older drawings 
\m found in which the spot appears. Nor would such tinie 
as might be devoted to a very careful search to find them be 
ill spent. For such drawings might be of much iiHe in con- 
nection with the discussion of various matters of the highest 
importance relatiug to the physical condition of Jupiter, and to 
the determination of the exact periotl of its rotation npon its 
axis, which the observation of the Great Red Spot has recently 
broaght prominently forward. 

As regards this last-mentioned question, we have already 
Mtat«d (p. :HIO) that the i)robable Jieriod of the planet's axial 
rotation lies between 8" o;)-" and Sf^ 5(\'" ; one of the bent detei^ 
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minations yet made being that by Sir G. B. Airy, io the year 
183.), when Plumian Prot'esBor of Aatronomy at Cambridge, 
which gave for its result 9" J.'i"' '^l-S-. 

But it seems that any attempt to iletermine the rotation- 
I'erioii with extreme aceuracy must now be altogether given up. 
We can adopt no other method for the jiurpose than that 
which was used in the year 16lU, by the very first observer 
wlio detected the rotation of Jupiter, the celebrated Dr. Hooke, 
then Professor of (leometry in Gresham Collegk. He watched 
the movement of a spot n]Km its surface, as the rotation of the 
planet carried it round ; and we must do the same. Our difficulty 
arises from the fact, that the more carefully we observe various 
spots, the lesB are we able to obtain a decisive resnlt, owing to 
certain irregularities in their movements, and to a very appre- 
ciable, although moderate, diiference iu tlieir speed of rotation, 
which sei-ms to depend upon their distance from the planet's 
equator. 

It was in pursuance of the above method that Casslni, Iu 
1 665, observed a spot which he followed during 29 consecutive 
revolutions, from which he obtained for the duration of one 
revolution a perio<l of 9" atV". It was by the same method that 
Sir George (then Professor) Airy deduced his more accurate 
result of 9" o.)'" 21*3', from a dark spot which performed -25 
consecutive revolutions, and by the long interval during which 
it was thns visible diminished any probable errors of observe 
tion. We mnst, however, consider all such determinations, 
whether of earlier or of more recent date, whether more or less 
refined and precise, simply as the values which correspond to 
the individual spots to which they belong, and not as giving us 
any certain and undoubted information as to the exact duration 
of the planet's own rotation. 

And here we may remark, that it is not only found that, aa 
a rule, spots upon Jupiter go round more rapidly the nearer 
they are situated to its equator, in which they follow the same 
law that Carrington notic^ in the case of the spots upon the 
Sun, but individual spots have very decide<l individual pecu- 
liarities of speed, and the speed of the same spot is often from 
time to time somewhat irregular. So long ago aa 1779 Sir 
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W. Herschel fnund that some spots gave a period differing 
from that of otlierfi by as niucli as five minntos. And it is 
certainly io very remarkable agreement with this statement 
that we read in the receut Beport of the Dearborn Observatory, 
Chicago, by Professor Hongh, dated May 1881 ; — that the time 
of rotation deduced from tlie Great Red Spot was 9'' oS"' 35% 
while that obtained from certain white spots seen near to the 
eqnator varied from ft" 50"' 0-fi" to !)" 50'" 9*8', a valne more 
than 5 miniitea less than the above. On the other hand, from 
some 8pota nearer to the poles than tlie Great Red Spot the 
period obtained was as large as 9" 5o'" 3S)', or even 9'' :m'" 401'. 

Again, Dr. Lobse of Botlikamp, who has given great atten- 
tion to the determination of the comparative speed of the 
spots seen in various latitudes apon Jupiter, mentions one 
which, in the year 1871, appeared to go round in about 3^ 
minntes leas than the 9'' 50™ 20'3' assigned as the planet's 
rotation -period by Aiiy. 

Profeasor Hough'a rerent observations have been confirmed by 
tliose of Mr. Denning, M. Terby, and others, who have wattdted 
with eapecial care one remarkable wiite spot, which persists in 
appearing from time to time in a certain latitude a little to the 
south of the equator. From Mr. Denning's frequent observa- 
tions of it during the past two years Mr. Marth has obtained 
a rotation-period of only 9" 50" CyQ\ while some earlier obser- 
vations, if taken into account, would still further redace the 
period by about U seconds. 

But perhaps, after all, the greatest interest at present 
Ijelongs to the determination of the rotation-period of the 
Great Red Spot, for which the most accurate value yet de- 
duced from the very numerous observations of many excellent 
astronomers appears to be very neatly fi"* 55'" 34J". This 
value, it will be noticed, agrees ven' closely indeed with ^Ppo- 
fessor Hough's result. 

8o considerable a difference of speed in sjiots seen in different 
latitudes is certainly very remarkable. And Mr. Denning, to 
whom the credit is due of drawing special attention to the 
above-mentioned cqnatoreal white spot by his long and accu- 
rate ob8er\-ations of it, informs us that it gains 8'I" of JoTiaa 
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floDgitadf on the Red Si>ot ia 24 tcrroRtrial honrs ; so that in 
^rather less tlian 44'' 10^'', it perfomiB one more revolution 
[(fonnd the {ilanet than is achieved by the Great Red Spot. 
ijBetween 29"' past 'J" ou November 19th. 1880, and 43" past 
.ffl" on December 24th, 1881, he finilw that the latter went 
(I round 067, and the former 976 times. 

- But even this rate of rotation has been exceeded in the case 
• of ft Beries of small black spotx, which appeared some distance 
J to the north of the planet's ei[uat«r in October 1880. He 
found ihat these travelled once round in so short a time as 
9* 48"" ; 80 that in 117 of onr days they completed one more 
' revolution than the previously mentioned white spot per- 
formed. 

This speed was so exceptional that we may probably attri- 
bute it to some extraordinarily violent current in which they 
were involved ; although it is, of course, quite poB8il)le, that 
the increased rapidity of rotation in r^nestion may simply 
have been due to the fact tliat these spots were at a lower 
' level than those which we most often behold. If so, it may 
be, that the globe or central portion of Jnpiter is rotating, at 
a Btill lower level, faster than any such spots. 

We Iielieve, however, that Mr. Denning, whose opinion with 
regard to the eijuatoreal white 8]>ot which he has observed 
with so much perseverance and skill has a special claim upon 
our attention, is, upon the whole, rather disposed to regard it, 
either as a permanent feature of the planet, or as iu some way 
connected with some such feature which may be situated 
beneath it, notwithntandtug that its rate of rotation is slower 
than that of the lust mentioneil small black spots. 

For onr own part, we feel that the greatest possible difficulty 
if) involved in any attempt to formulate a theorj' of what may be 
the physical condition of Jupiter, or of the relation of its spots 
nnd Itelts to that condition, and to the regions upon which they 
nre snperimjHised. So much is doubtful, so much a]>parently 
contradictory, so much inexplicable, that we fear that the whole 
problem must be considered t« be one for future solution, 
rather than one which can at present be solved. 
We must confess that we were at one time inclined to tbiok 
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that the permaneucj of the Great Red Spot seemed to indicate, 
that it might be eomethiDg which, while coagulating or solidi- 
fying, in some way caused a gap or break in the clondy regiona 
above it, or by its cooling wndeiised the vapours inciitnbeut 
upon it, and thus increased its own visibility ; iu fact, that 
we might be watx^hing m it the gradual formation of a huge 
continent upon Jupiter. But the recent obaervationa of the 
oqnatoreal white spot and of some other similar spots t^-ll ns, 
that, if we see in the Red Spot a part of the body of Jupiter 
itself, we must find some explanation of the more rapid rota- 
tion of these other sjiots. It might not be so difficult to 
explain a slower rate of rotation in their case, if they are 
simply atmospheric phenomena, but it seems hard to imagine 
by what means they can be carried steadily round, with a 
speed so nmcli more rapid than that witii which the globe 
below them mast be rotating, if the Red Spot is actually a 
|iart of it and by its movement indicates tlie true rotation- 
period. 

If it be the case that the motion of the eqnatoreal white 
spot, to which we have so frequently referred, is unifonu, aud 
liat any slight apparent irregularities in its movement are 
really due to small errors of observation, it is doubtless possible 
that such a spot may be the summit of some enow-clad mouu- 
tain, which from time to time is more or less clearly seen, or 
is occasionally altogether hidden by masses of overhanging 
clouds. Or possibly some volcano there placed may periodi- 
cally eject vast masses of vajwur which may hang over it, 
and alternately be of such a character as to shine with special 
brightness by reflected sunlight, or to obscure and darken our 
view. But if so, — if the white spot be either a permanent 
feature of the surface, or originate from such a feature, — 
may we not well ask whether the Great Red Spot, upon the 
ground of its long-continued regnlnrity of rotation, may oot 
claim to have a similar location? Aud yet this would ae^n 
to be impossible, because of its decidedly different period of 
rotation. In fact, every such supposition seems to involve us in 
some insurmountable dllHculty in one direction or in another. 

We may, however, remark that the generality of observers 
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have been disposeil to believe that the Red Spot is probably 
sitciated at no very great deiifb in Jupiter's cloudy envelope. 
It is also thought that a very slight slackening of its rotation- 
ajieed has been rewntly noticed. If so, this may arise from 
the opening, or depression, by which it may be fonued, having 
liecome somewhat more shallow, so that its motion corresponda 
more nearly with that of the uppermost layers of the clouds 
and vapours of Jnpiter's atmosphere, which would naturally 
move the most slowly. But, even if so, we can in no wise 
'■xplain why that Great Ked Spot should be so permanent, or 
in what way it has been generated. We are quite unable to 
decide whether it has originated where it is at present found, 
or in some source sitnated at a vast distance beneath. 

We are indeed not only disclosed, «8 we have already statetl, 
to leave the time of Jnpiter's rotation upon its axis an un- 
.wlved problem, but we must allow that it is even possible that 
it ought to be described as ditferent in different latitudes. If 
so, the differing rate of movement of the spots in such loca-- 
lities would be explained ; but at the same time it would be 
necessary to suppose, that the planet is not only surrounded by 
a vaporous envelope many thousands of miles in depth (as 
various classes of observations indicate),* but that it may 
be to a very great depth indeed, aud jierhaps to its actual 
centre, vaporous, molten, or in a semi-fluid and viscous con- 
dition. In fact, there may be no solid globe in the planet 
at all ; or, in other words, it may be, as suggeate<I at the 
commencement of this lecture, in a very similar condition to 
that in which the Sun is lielieved to be by many of the best 
authorities. 

The only other tenable supposition probably is, that, at some 
very considerable depth, there is a globe as to whose jieriod of 
rotation we know notbing ; while the outer regious, which are 
all that we can observe, are in a flnid, gaseous, or cloudy 
condition ; a state of things which we also mentioned as pes- 
sibli', although not probable, in the case of the Sun. But if 

* We shall presenlly draw Bpedal attentiun to some of these in con- 
DectJon witb the oocnltatJonB of the pUnet's Hatellitai. 




vo, the permanenee of Bome of the featnra of the plaacC, coo- 
tnuted with the ioeetaaat, aad »t tnnei ezeeedmglT i^»id 
ehan^et rutble to othen, 18 extmnelr pozzIiD^. 

When, howerer, we kocnr sn liiile, we most not let our 
i^onoc^ soggeKt nnneoeasaiT difficalties. Rather iet it teM^ 
lu to wsit, and WKtdi, aiul \eara. We can at snr rate sav that^ 
in the mcreana^ speed of the rotatioD of e;>ot3 as we approach 
the »]aat/^ireal parts, there is a close resembUnce to what takes 
place ii|>oii tlie Siut. Id the oompatalive permaaeace of the- 
potttiona of the principal belts, there \a a resemhlaoce to the 
pennaDence of the zones npoo each side of the Sea's e<(nator 
io wbicb Saii-<i])ot« arc found. In the size of the planet there 
ifl a Dearer ^proach (although the ioteiral is still immensely 
gr«At) to the size nf tlie 8an, tlian in that of anr other bodr io 
the Solar System. Nor can we tell how mucli more, in brgoQe 
&ge4, before it had cooled down to its present condition, Jnpiter 
luaj- have resembled the existing state of the 8nn ; nor how 
far, in sge« to come, the Hun's condition may resemble that 
which we now see in Jnpiter. 

We know lint little of either; bnt we can see many points of 
n-»cmlilftitce Iwtween tliem, many snggestire analogies. And 
yet we would not for a moment infer that Jnpiter, although 
it may lx> in a state of considerable heat, and give oot some 
intrinsic light,* is in anything like so hot or Inminons a cod- 
dition B8 tiie Siiu. 

Here we must dmw to a close oar discussion of the possible 
condition of this grt«t planet, only detaining our readers for 
a f<*w additional moments in order to mentioa two or three 
especially interesting observations of the transits of Satellites, 
or of their 8!ia<lowa across the Great Bed Spot, which hare 
been recently made. They desen-e special attention because 
they are such that, if they be carefully studied, aud contrasted 
with future occurrences of a similar kind, they may enable os 
to decide how far the sjiot is in any degree self-lnminotu, or 
the contrary. 

8*e the conimeticement of this lectare. p. 2115. AUo Lecture VT.. 

Vi. wUti refurvnue to the comptkiutive light of the planets Ja[M|ar 

and Mercury. 
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In the Report of ProfesBor Hough previously referred ti>, aud 
tjooted in the Observatory of October 1881, p. 303, we read : — 

"On Jnly 3rd, 1880, the second Satellite during transit 
passed almost directly over the centre of the Great Red Spot, 
when it appeared sensibly as bright as when off the disc." 

On November 1 st, 1 880, a transit of the sljadow of the second 
Satellite over the centre of the Red Spot was seen from the 
Dearborn Observatory ; and at the same time the transit of 
the shadow of the first Satellite over the disc of the planet. 
It is stated in the Report that "the shadow of the Satellite, 
when fully projected on the Red Spot, was distinctly visible, 
bnt not <|mte as black as the shadow on the disc ; proving that 
the Red Spot, although much less luminous than the disc, was 
yet much more Inminous than the shadow of the Satellite." 

On the other han<l, Mr, Gwilliam mentioned in the Obser- 
eatonj of January 1882, that he had seen the shadow of 
Satellite No. 1 upon the Red Spot, and that he had forwanled 
a drawing of it, wheu so seen, to the editor. He has since very 
kindly informed the writer of this lecture that, when the 
shadow was half upon the spot and half off it, he coidd detect 
no difference in the colour of either part. He has also stateti 
that on November 26th, 1880, he saw Satellite No. 2 npon the 
Red Spot, when tlie effect was very curious, the Satellite 
api)earing as if surrounded by a bright halo, which partially 
obscured the dark-red tint of the spot. His observations were 
made with a ti^ inch Calver speculum, and a magniiyiug power 
of 2(MJ. 

It will be noticed that the above-mentioned obeervatioDS, 
being somewhat contradictory, leave the important qnestiou 
of the self-limiinosity of the Great Red Spot still undecidetl. 

Upon the whole, we decidedly incline to the ojiiuiou that the 
planet Jupiter is most probably in too highly heated u con- 
dition to be fit for habitation, apart from the fact that its great 
ilistance from the Sun, and the small amount of Solar light aud 
heat received by it, would otherwise make it very difficult to 
believe that it can he a suitable abode for I)eing8 in any way 
simitar to the human race. It is, nevertheless, quite possible 
that, at some still far-distant date, it will only retain sufficient 
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heat to make it an agreeabk- place of residence ilorin^ a loop 
period of farther gradnal cooling, tmtil al last, in»tettd of bring 
100 hot, it will become too cold for habitation. 

Am its hatittability at the present time seems to he so 
improbable, we need hardly devote mtich space to discnss the 
seaaoDB of Jupiter's year, or the climatic cooditioos exuting 
upon it. We will only remark in passing, that, its axia being 
nvarly perpeudicnlar to the plane of it« orbit, its polar regions 
only extend for abont 3^ anand each pole, instead of for 2^*, 
at upon the Earth. Upon nearly the wholu sor&ce a resident 
wonld therefiire find Spring, Summer, Antumn, and Winter to 
be almr^t alike ; in fact, a sort of never-ending Spring would 
reigd ill I'very latitade, the Stm risiog to nearly the same 
meridian altitude eAch day in the year ; that altirnde, however, 
being less the fanher any locality might be from the eqoator. 

The actnal intensity of the Sun's heat and liglit npon Japiter 
would be about I'lth of that which is enjoyed by the Earth. 
The Sun's <lisc would appear to be of a diameter less tlian Jth, 
and of an area ei{unl to about ^V^^i *^^ 'hat which it exhibits to 
UB ; and it would seem (owing to the rapid axial rotation of the 
planet) to move across the sky i!| times ae qmckly as it dors 
to an observer upon the Earth, so that it wonld pass over the 
width of its own diameter in about every successive 9 seconds 
of our time. 

We may also remark that, if there should be any inhabitants' 
upon such a ])lanet, they wonld, of coarse, have to be mocb 
smaller than ui)on the Earth, the attraction of gni\-ity upon its 
surface beiug, as we have shown in jiage 296, about 2i times 
as great. This is in accordance, although in a reversed direc- 
tion, with the reasoning by which we showed, in our previoos 
statements with regard to the satellites of Mars and the Minor 
Planets, that, the smaller the attractiou of gravity upon any 
surface, the larger should be the scale of any beings upon iu 
In like manner, the greater the attraction of gravity the atualler 
mnsl they be, in order to prevent their own weight from de- 
stroying tliom. There is, therefore, an imiwrtant and fond** 
menial error of principle iu a somewhat amusing qaot&tioa 
iu the first volume of Admiral Smjlh's "Celestial Cyd^" 
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which might at first sight seem to contain a reasonable, 
although somewhat facetiously exiiressed, euggestiou, that 
so largi- a jilanet ought to have inhahitaurs correspondingly 
tall. We there read that Wolfiris maintained, that the 
inhabitants of Jupiter must be 14 feet in height, or rather 
IS'^, feet ; and that lie provetf it by the following argu- 
ment, "Wherefore, since in Jupiter the Sun's meridian 
light is much weaker than on the Earth, the pupil (of the 
eye) will need to be much more dilateable in the Jovian 
creature than in the terrestrial one. But tlie pupil is observed 
to have a constant proportion to the ball of the eye, and the 
ball of the eye to the rest of the body : so that, in animals, the 
larger the pupil ihe larger the eye, and, consequently, the 
largiT the body. Assuming that these conditions are nn- 
qnestiouable, he shows that Jupiter's distance from the 8un, 
compared with the Earth's, is as 26 to 5 ; the intensity of the 
Sun's light in Jupiter is, to its intensity on the Earth, in the 
duplicate ratio of o to 26 ; and that it therefore follows, that 
even Goliath himself would have cut but a sorry figure among 
the natives of Jupiter. That is, supposing the Philistine's alti- 
tude to be somewhere between 8 and 1 1 feet." * Wolfius finally 
concluded the height of the inhabitauts of Jupiter to be just 
,^,ths of a foot shorter than that of Og the king of Bashan, 
according to the measure of his bedstead given iu the Biwk of 
Deuteronomy. 

The considerations which we have jiut forward would, on the 
contrary, lead to the conclusion, that abont 28 inches would 
lie a suitable height for an inhabitant of so huge a planet. 

It may be remembered that we showed in Lecture IX., p. 205, 
that a weight of 193 lbs., at the equator of the Earth, woulil 
weigh 194 at either of its poles, owiug partly to the centrifugal 
effect of the Earth's rotation, and partly to the fact that the sur- 
face of the Earth at the equator is farther from its centre, and 
therefore the attraction of gravity less, than at the poles. On 
Jupiter both of these eflects would be intensified, owing to its 

• See Smyth's " Celegtial Cycle," vol. i., p. 173, in qnoting from which 
we haVQ altered the adjective Jovial to Jovian, which is the form now 
generoUy uaed. 
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LECTURE XIIL 



THB SATELLITES OF JLTITBR. 



'' Four friendly m(>oD^|witll borrowed lustre, rise. 
Bestow their l)ealus,beiiiyn, nod light bU sUee." 

Hekbv Baker, f.b.s., a.u. ni6. 

The hiatory of the iliscovery of the four moons, or Satellites, of 
Jupiter, is inseparably conneotetl with the great uame of 
(ialileo Galilei, ad the first triumph tliat rewanleil the iuven- 
tion of the telescope. We are very glad to tliink that it haa 
been recently maiie possible for those who are not ae<|iiaii]ted 
with the Latin language to read, in the excellent tmu«latiou 
of the "Sidereal Messenger," by the Rev. E, S. Carlos (late 
head Mathematical Master iu,' Christ's Hospital), which han 
been published by the Messrs. Rivingtous, how modestly and yet 
how accurately Cralileo describes his obaervatiouB. Amongst 
much that is! interesting and instructive iu his narrative, 
notliing is, to our thinking, more noteworthy than the pains- 
taking and ausparing care with which he nsed his infltrument, 
until he rea]ied tliat rich and complete reward which genintt 
separated from industry never deserves, but joined to it never 
fails to attAJn. 

Night after' night (Jalileo watched the Satellites, and each 
iiight, as ilia diagrams tshow, he accurately depicted the 
[>osition in which he aaw them. Some of his earliest obser- 
vations deserve onr special attention. They date from January 
7th, 1((10. On that uight he discoven'd three out of the four 
uiooDS, ami thought they were ordinary stars, although he 
wondered to see them all nearly iu a straight line, two on one 
side, and one on the op])osite side of the plannt, as in the ii}v 
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Um HnUWiU-M niJviinjmnUni tlif plaaet u it adrKooed im ■ 

irrhit, witili t,tt>^ hUro wer<; \itti l>eLiitd, 

Ifriilii tfui UfNt, iie uotKM-<l tliat aU the foor Moons wot 
lu/t MfiiMlly Irnllinut. lit; wait alito soon able to condiule Unl 
tiusy rolHU-tl Titiimi 'luiiitvr, ultenmtvly })a«smg betw-een it and 
tlu) Kartli, and hiryoDd it Ui its further side. And he not ooIt 
inuiu: U> tliii) (Vjiicluiioii tliruiigli Hceiug them soiuetiiaes to the 
i««t and MfUK^ttii It'll to the wi-Ht uf tbe planet, bat he also 
a*C!rliiiii"<l that tile HJ/e of tlie orbittt in which tJiey rerolred 
wmt Will' li (jfTwat^r for the outermost than for the uuienDou. 
Thin veiv iiiijiKi'lJirit fiwt was^discovereJ as follows : — 

(iaiili'o Kbdervi-d tlmt be ofU'u found two or three of tin 

* A much more complete reproduction of eixty-fonr of Galileo's diar 
iiigt ma; be Men in the traiulation of the "Sidereal Jtvummc" (I 
Mr. Carlo*) prerioody referred to. 




,^teUit«8 to be ajiparently near together, i.e., almost in the 
me Hue of view, when they were seen not far from the planet, 
^ut that they never appeared close to one another at more than 
,ii certain distance from it. Thia is exactly the effect which 
^e revolution of a series of bodies in concentric orbits, situated 
^nearly in the same plane as the observer's eye, would produce. 
3y painstaking calculation and continued observations he was 
able to announce, in the year 1612, that the periods ' of their 
.apparent rotations round Jupiter, were respectively about 
jl-" ISi"-; 3'' 13i"; 7'' 41' ; 16'' 18"; the most precise values 
J obtained at present being 1* 18" 28'" SO"; 3'* 13'' l""" 54'; 
7" 3" 59" ae*; 16'! 18" S" 7'. It is exceedingly creditable to 
Galileo that he so soon attained results so accurate. When, 
however, he proceeded to what was hypothetical, — as in suggest- 
ing that the greater or less extent of some dense and far-extended 
atmosphere of the planet, through which the Satellites were 
seeu at diiferent parts of their orbits, might account for certain 
variations observed in their brightness, — bis conclDsiona were 
oot HO admirable. 

Galileo's discovery of these Satellites occurred most oppor- 
tunely for the support of the all-important theory of Coper- 
oicos, which we have explained at length in Lecture V. As 
We have there stated, men of science were in much doubt, at 

* These periods are the lynodie poriodii(8ee Lecture V., p. V29), in which 
the Satellites would respectivulj appear to an observer nituated upoa 
Jupiter to go once round the planet, or to pass from the phase of New 
Hoon to a similar phaxe again. They are therefore nlightly longer than 
the actual periods of their rotation round it. just aa a synodic month in 
the case of our own Moon is 29J days long, while the actual period of the 
Stoou's revolution round the Earth, which is called a sidereal month, is 
only 27i daj^ ; the ndditional time involved in the former cose being that 
which it required, owing to the onward motion of the Earth in its orbit, 
to allow the Moon to make up for the diflarent direction in which the 
Son is consequently seen from the Earth, and to attain again (relatively 
to that direction) a podtion similar to th&t in which it began the Synodic 
month. In the case of Jupiter's Satellilea, the dilference between the two 
kinds of month* is very much smaller, owing to the slower movement of 
the planet round the Sun, and their own more rapid rat«g of rotation. 
It only amounts to about one minute for the inaormoet, and to about 
one hour and a half for the outermost. 
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r t I iMi li I to iwMiafa hia 
gr«iiraifci^B«tte»l te wi i^Mi — rfflg r iiiitii l Orte" its 
yeanifter it wwmeamfkttKi,amicaijwtttind the fint twiu l wl 
fidpT of it whea M fan jialh liiJ . wUr GaGfeo ( sire Lnrtmre 
T_ p. 106) «M fined IB hk tiU age to make a hainiliuiiig 
*>«tn,rinp if hinTrrMrf i»lhnMim»iiil iif ihi Euth. 

And jKt thoeen he bn Uttfe doobt that the bcanfy And 
• J^p fc it roflheCOfOTiM thevT «H aaeh, that iiiiiQatha«a 
ben grttmStf uwimi i iiiiifc dsrif to the Buadi of hkiit, wIm 
woe, tbacAiv, prepand to mHif the ™t™**»* mnfinnstiOB 
whtd it le cei ted frnm the othital levototioa of the Vooa* of 
Jiqiiter. We nost to doaht kllov, Aat a far moK coDchi- 
nre aigw a eit t fcr its tziA was reaOr aflbnled br the view of 
the jiliiof I of TeniK, which Galileo obtained in the December 
(^ the Mmr jear ia the V^inouii: of which h<^ iliscovured the 
Satellites of Jnpher. Bat before the orbits of the««' Satellitea 
were known, it cumot be denied that there appeared lo be 
a certain sjinmetn- o( idea in siippo«in^ Son, Memo, and 
planets all to reToKe around the EarlA. Until then, the caae 
of the Moon would have seemed a solitary exivption to % 
general role, if it bad been believed that all else circled roaod 
the Sun, while it alone revolved aroiind the Earth. Bat erea 
those who had not stodied scientific matt«rs deepiv, txiold uot 
bat feel that any snch difKciUty was removed, when JQpit«r 
waH iband to have a snbsidiaty system of its own. Ami it was 
a Btill farther argoment in favonr of the theory of Copeniicils, 
that, the more complicated tlie general view of the Solar Sratem 
tfaofl became, the more beautifully did that theory exjilain it. 

It is amtuing to find that there were amongst <*alil««*9 
contemporaries, to whom he annonnced Iiis discovery, some 
who denied the exiatence of the Sutellites altogether. I^me 
even refnwd to look through Uis telescope, uik>u the pica that 
it waa an instrumeat of a Satanic natare. It is of sqcb an 
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uobelifver that Galileo expresses tlie pious liope that, if he 
would not believe in them or look at them Iq this life, he 
might after death eiyoy a good view of them on his way to 
heaven. 

The most powerful telescopes that Galileo constructed mag- 
nified in linear dimeneions al>oat thirty times, or rather more. 
With such an one the Satellites were of course very easily seen. 
They may often be detected with the excellent binocular 
field-glasses, or opera^glasses, mode in the present day. 
Indeed, if it were not for the imperfection of the image of the 
planet formed in most eyes, — an image which appears to be 
surrounded by a certain number of false rays of light, — two at 
least of the Satellites would be in general visible to the naked 
eye. when seen sufficiently far from the disc of the planet, 
inasmuch as their light is quite as great as that of a 6th 
magnitude star. 

In Arago's " Popular Astronomy," in Chambers' " Hand- 
book of Descriptive Astronomy," and in Webb's " Celestial 
Objects," we 11 -authenticated instances are quoted in which 
some of them have undoubtedly been seen without telescopic 
aid ; although it should perhaps rather be said that, in several 
cases, two or three seen ver>- close together have appeared as 
one, than that they have been separately visible. Their visibility 
to tlie naked eye must, however, always l»e very rare, except 
nuder remarkably favourable conditions of climate and locality. 
It is more a matter of curiosity than of importance, but its 
possibility cannot be denied. The only point in connection 
with it which surprises us is, that we have no record of any 
such observotion by the ancient astronomers of Arabia or 
Chaldcea. 

In some books the four Satellites which we are discussing 
are distinguished by names assigned to them by an astronomer 
of another nation, who basely sought to deprive Cilalileo of the 
honour of their discovery. These names have, however, justly 
failetl to obtain any recognition. Astronomers invariably 
distinguish tlie Satellites, in the order of their distance from 
Jupiter, simply by the numbers 1, 2, 3, 4. 

The next question to suggest itself to the reader with regard 
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their 



to these Moons of Jnpiter may probably be, — What are their 
sizes? This is a query which for some time after their dis- 
covery was involved iu considerable oltscurity. Even now we 
cannot answer it with any pretence to extreme accuracy. 
From an exact measnrement of tlie angles subtended at onr 
eyes by the apparent diameters of their discs, it is no doubt 
true, that we can at once calculate the actual sizes, which 
at their known ilistance from ns would correspond to snch 
apparent sizes. But the diameters in question lie between 
1 and H seconds of angular measure, i.e. they only measure 
from a TiiVoth to a nnrath part of the apparent width of the 
disc of the San or Moon. They are, in fact, so small, that 
modern instruments of the very beat construction and of 
the highest power are required, in order that they may be 
measured with any a|iproach to precision. 

The earlier observers were forced to employ other and less 
direct methods ; for instance, Sir William Herschel, by watch- 
ing how long the second Satellite occupied in entering upon 
the disc of Jupiter, when about to transit across it, obtained a 
very accurate value for its diameter. He was also remarkably 

[correct iu his judgment as to the probable sizes of the other 
three. In like manner, Schrfiter and Harding, by similar 
observations, effected a very satisfactory estimate of the dia- 
meters of all the four Satellites. 
Since 1829, however, several careful sets of actual measure- 
ments have been made. From some of the best of thesc^ 
combined with such observations as we have previously men- 
tioned, Professor Engelroann, of Leipzig, deduced in 1871 the 
following values of the respective diameters, which are most 
probably approximately correct i although it deserves mention 
that measurements made in 1881, by Professor Colbert, with 
the great achromatic teleBCoi>e of the Chicago Observatory, 
18^ inches in aperture, make them to be considerably larger. 
For the Ist about 2.600 milex, or ftpproiimatdy 2i thotuands of mllea. 
■ind „ 2,100 „ 2A „ 

„ 3rd „ 3,550 „ 3l 

4th „ 2,%0 „ 3 „ 



It may be interesting to t-onipai-e the nbove values with that, 





^viz,, 2,160 miles, which belongs to the diameter of our own 

^^ Moon ; and with 3,000 miles, the probable diameter of the 

planet Mercury. Such a compariflon shows that the smallest 

of the four Moona of Jnpit«r is almost exactly of the same aiKe 

aa our own, while the other three are decidetUy larger. It 

. may be calculated that their united bulk (inasmuch aa the 

Tolnmes of sphc-res vary as the cubes of their diameters) is 

between nine and ten times that of our 5Ioon, and between Jth 

■ aad ;th of that of the Earth. It also follows that the volume 

" of the largest is abont two-thirds as large again as that of 

• Mercnry ; so that this Satellite aflonls an example of a 

! secondary body in the Solar System which ia much larger than 
another primary body. 
It is probable that this is also true of the largest of the 
' Satellites of Saturn, and still more so of that of Neptune. 
But, so far as we have as yet gom? in our outward journey from 
the Sun, this is the first instance of the kind with which we 
have met. We certainly cannot consider such a Moon to be 
in any sense unimportant; especially if wt- further notice that 
its diameter is about rV^^i "i* "^^ much less than one-half of 
that of the Earth, and about Jtbs of that of Mars; while its 
surface is more than jrds of the area of Mars. If there be 
no otiier reason against the bahitability of such a globe, no 
objection can be raised upon the score i>f its size. 

The diameters of the orbitu of the Satellites, which are nearly 

circular in form, next demand our attention. They may easily 

be deduced by Kepler's 3rd law (see Lecture V., p. 123), from 

the |)eriodic times in which the orbits are described. By that 

law they must be nucli, that the sijnares of those times are in 

the same ratios as the cubes of the respective distances of the 

Satellites from Jnpiter. The resultiiig distances from the 

centre of the planet are found to be about "26'2,000 miles j 

417,0iW miles ; 666,000 miles ; 1,171,000 miles ; respectively : 

i.e. they vary from about a quarter of a million to about IJ 

millions of miles. 

^^H^Vnm this last statement a very interesting illustration may 

^^B I of the vast power of the telescope, when used to 

^^^^ 'uly botlies, in neutralizing the etlect of distance 
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by enlarging the apparent scale n]ioti which we sep thetn. 
The average value of the angle snbtended at onr eyes by the 
apparent diameter of Jupiter, when it is passing throngh the 
position of Opposition, i.e.. tbrongh one of its near approachec 
to the Earth, is ahont 45 seconds of angular measure. Tlje 
corresponding angles snbtended by the respective distances 
from its centre of the orbits of the foor Satellites are abont 1 3S, 
215, 340, and 000 seconds. Therefore l,20n seconds (or 20 
niinntes of angular measnre) would in general cover the whole 
distancj^ across which the outermost, at snch a time, is seen to 
travel from one side to the other side of Jnpiter. As it is, we 
look at the orbits nearly edgewise, so that the Satellites seem 
to move backwai-dfl and forwards nearly in straight lines ; bnt, 
if their orbits conld be tilted up at right angles to onr view, 
while remaining unaltered in size, so as to be seen as circles 
snrrounding Jnpiter, it follows, that a circle of 1,200 Beconds 
of angular measnre would embrace them all. And since there 
are 3,600 seconds in a degree, such a circle would subtend at 
onr eyes an angle of only ^rd of a degree, i.e. Jprd of the ^^tfa 
jiart of that which the whole cirenmference of the heavens 
snbtends. 

C>nr own Moon's apparent diameter, wlien estimated in the 
same manner, is abont 1,900 seconds. Consequently within 
a space in the sky of an apparent width equal tfl |rds uf that 
which we see in the Moon," the movements of these fonr 
Satellites, as well as all the detail of the belts and spots of 
Jnpiter, are seen even when the planet is especially near to 
the Earth. At other times, when it is fiirther away, the sjtace 
involved would be smaller still. May we not justly say how 
wonderful is the power of an instmmeut, which, in so small 
s field of view, can show so much ! 

We may also be assisted in realizing the actual scale of that 

* The ovitlntiss of the orbit of Jupiter occnsionally causes it, when seen 
ill Oppioiiition to the Sua, to approa':h nomewhat closer to the Earth than 
is supposed in the nbove stateinent ; in w)ii?b case its diameter, and the 
apparent siBe of the orbits of the Satsllites, may appear rather larger tlian 
the values we have mentioned as their I'lfitn values at such a time. The 
cooolurion arrived at in the text remains, however, verj' nearly true. 
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which distance causes to appear so email, if we notice that the 
nearest of these four Satellites, which appear to be so close to 
Japiter, is really more than 20,000 miles farther from ita 
centre than the Moon is (npon an average) from that of the 
Earth ; while the 4th Satellite is at a distance nearly eqaal 
t^^ five times that of onr Moon ; and yet, such is tlie vast 
radius of the planet itself, the respective distances of the 
fonr are only abont 5,^, 9i!, lo, and 26^ times the radios of 
Jnpit^r. Our own Moon's distance being about 60 times the 
Earth's radins, it follows, that the furthest Satellite of 
Jupiter is more than twice as near, in comparison with the 
radins of its primarj'. 

The fonr aboTe-mentioned distances being in the ratios of 
the nnmbera 59, 9(i, 150, 265, attem))ts have been made to 
discover some relationship between them similar to that which 
Bode's series indicates in the case of the planets. It may not 
be ont of place if we here mention two of the most successful 
of these attempts, although we consider them to be rather 
fanciful than nsefnl. 

If wp take the series 6, 5 + 3, 5 + 3 x 2^, 5 + 3 x SJ x SJ, 
we obtain the numbers 5, 8, 12^, 23J. These, if mnltiidied 
respectively by 12, give 60, 96, 150, 279. 

Or we may take 20 20 20 20 

Add 20 4(» 60 80 

And again add 20 40 80 160 

The sums of which, viz.— 00 100 160 2 60 

lis well as the numbers given by the previous series, do not 
differ mnch from the trne ratios of the distances. 

A much more striking relation may, however, be noticed in 
the |)eriodic times of the Satellites. If we take these to be " 
I' IS" 28'"; S'' 13'- 14'"; T-" 3'' 43'"; 16'^ 16'' 32°'; or in days 
and decimals of a day 1-77, 3-55, 7-15, 16*69 days ; wc see that 
the 2nd is almost exactly double the Ist, and that the 3rd is 

* In thi» case we use the actual periods in which they revolve nround 
Jupiter, which are termed their sidereal periods, ntid are. aa explained in 
the note upon p. 323, somewliat nhorter than the correspDoding tiynodic 
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almost exactly double tUe 2od, while the 4I,li is somewhat more 
than donble the Srd ; the aiipareut law of dnjilication failiiig 
to a certain extent when we get further away from the centre 
of the system, just u it is found that Bode's so-called law 
of j'lanetary distances partially fails in the case of Uraons, ami 
altogether in that of Neptune. In connection with the above 
relation between the periods of Jupiter's Satellites, it may 
also be well to remind our readers, that we remarked, in Lec- 
ture X., how closely the |>eriod of the outer satellite of 
Mars (Deimoa) approaches a value which is very nearly four 
times that of the inner satellite {Phobos), 

While we are engaged in statistical statements, we may also 
notice that it has been proved, by means of calculations too 
elaborate to be here ex]dained, that the densities of the lal 
and 4th Satellites are nearly the same as that of Jupiter, or i 
aboQt \t\y of that of tlie Earth ; while the density of the 'ivA 
is nearly twice as great, and that of the yrd more than half 
as great again as that of the 1st and 4th. 

We have already stated that their actual sizes are by no 
means unimportant ; but it may, we think, afford one moiv 
instructive exemplification of the euormoiis mass of Japiter, if 
we observe how minute the weights, which tlie above den- 
sities involve, are in comiJ^riaou with the huge bulk of the 
planet around which these Satellites revolve. And in thi» 
connection it may also be interesting to remember, that the 
weight of our own Moon (as is shown in Lecture III.) is abont 
^th of that of the Earth ; and that Jupiter itself is five timet 
lighter than it would be if its apparent globe were of the same 
average density as the Earth. In contrast, then, to the case 
of our Moon, we find that the four Satellites of Jupiter re8|tti> ■ 
tively weigh only about i oo'o'ooo > loinnico. nmnnni. ^^^ too 
of the weight of Jupiter. 

It naturally results that the very large amount of protuberant I 

matter in the neighbourhood of Jupiter's ciiuator causes th^l 

orl»it8 very nearly to coincide with its plane. The 4th Satd- 1 

lite, being further away, does not obey this law so accurately ai 

the others ; but the utmost inclination even of its more Uisteori 

orbit to the equator of Jupiter can never exceed about jnU d 
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one degree. For the Ist Satellite the inclinstion is only about 
iTjtid of one degree, or lesa than one miucte. 

It may be understood, by means of our previous explanations 
in tlie ease of the Moon (see Iiecture IV., p. 90), and in that 
of the Satellitea of Mara (nee Leotnre X., p. 257), that Jnpiter's 
Moons, and especially the inner ones, when viewed from the 
[danet, would vary very considerably in apparent size according 
as they might be observed new to the horizon, or nearly over^ 
head. In the latter case an observer, situated upon the 
planet's equator, would be not much less than 44,000 miles {i.e, 
the length of Jupiter's radins) nearer to the Satellite than 
in the former case; which would reduce the distance of the 
nearest from about 258,000 miles to about 218,000 miles, or 
by nearly Jth part. The apparent diameters in the two 
positions wonid consequently be nearly as the numbers o: 6; 
and the areas of the discs as the squares of these numbers, or 
as 25 ; 36 ; ho that the disc of this Satellite, which is the one 
whose change of size would be the most remarkable, would 
appear to be larger by about one-half when seen in the zenith 
than when seen iu the horizon. 

If we take Jupiter's day to be about ten of our own hoars 
in length, it may be easily calculated that its fonr Moons go 
round respectively in rather more than 4, mtlier more than 8, 
about 17, and about 40, of the planet's days. In these com- 
paratively short periods they jiass through all their varied 
phases, with the exception, as we shall presently show, that 
three of them are always eclipsed when they would otherwise 
be full moons. 

Many very remarkable combinations of their phases must 
from time to time be visible in the Jovian skies ; the interest 
attaching to which is, however, greatly diminished when we 
remember that they always reflect so small an amount of 
Solar light, that it must not for a moment be imagined, as the 
quotation at the head of this lecture may perhaps seem to 
MUggest, that they can be intended to compensate Jupiter by 
night for the feebleness of the illumination which it enjoys by 
ilay in consequence of its great distance from the Sun. The 
apyiarent areas of their four discs, if they could all be seen at 
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tance is, of course, immensely greater than timt of the -Ith, 
or furthest, Satellite, which falls short of 1,-JWI,000 miles. 
The diameter of a circular section of the shadow, ]ier|)eudicular 
to its axis, is, therefore, even at this latter distance, little less 
than that of Jn]iiter itself. 

The axis of the shadow must evidently lie in the plane of 
■Jnjiiter's orbit, while the Satellites move nearly in the jilane 
of Jujiiter's eqtiator, which is only inclined at an angle of 
about three degrees to that of the orbit. It is conaequeotly 
found that the tirst three Satellites never escape the shadow 
when they are fiill moona ; and that the Ist and 'Zad always 
pass deeply through it ; while the 3rd may, at its greater 
distance, at times dip but comparatively little into iu But 
the 4th, for nearly half of its path, is so far removed above, or 
belnw, the plane of Jn]Hter's orbit, that it may, when full, ])ass 



altogether clear of the shadow. When the .Saiellites travel 
centrally through the shadow, their eclipses will of conrae be 
of the greatest jiossible duration, and may last in the case of 
the 1st for ■^" SO" ; '^nd, 2" 56'" ; 3rd, 3" 43"' ; 4th, 4"" 6H". 

The first three can therefore never appear aa full luoons, bat 
are always eclipsed when they otherwise would be so seen, as 
would be the case with our own Moon if it moved very nearly 
in the |jlane of the ecliptic, instead of in an orbit inclined to it 
at an angle of about five degrees. 

But, in addition to the fact that the three inner Satellites 
are always thus eclipsed when they woidd otherwise be seen 
an full moons, an exceedingly curious relation exists between 
their motions, which involves the fact that they can never all 

* A\<iiugram resembling the above, but more ekboiiit«, may be won in 
un ut'ticle by Mr. PnicUir in the Popular Science Jttfiru; vol vi., p. 24H. 
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OmWisthepaatMflrfidliiKnBat the nme time. Cod- 
M^oe^f 0^ t«v at Atm cu be eclipsed ut oace. Hit 
Botin of tfae 4Cfa v aot eoaneetod in this war with th« of 
Af otkr tfcitt. It HSf tkuUuii; he edipsed with two o( the 
odkCfs ; in whic^ caae J^iter wooM have only oce mouii 
nifak. Aad tmn that vcht be in the fhaae of new mooa; 
is fat, irt«D<tf'ttethieeecl^Md woe tbeSnd and Sid moont, 
the sa»e nlatiaa ftcrio M ly named woold require that tbe 
oae Mt edipnd (£a, tihe lit) must be a new moon ; mida 
wUc^ aKonntaaett tke Jovbb skiee woold for the time be 
deprindof all mooBljgkL 

The tdntioB to which we rtAx was discovered by Laplace 
It may be stated nuKalnt technicaUy as follows : — That ti» 
mean angrinr motion of tbe 1st Satellite rormd Jupiter, added 
to twioe that of the Srd, eqnaU three tiuies that of the 2od; 
viille it is also the case that, if the '2iKi and 3rd are, at ui 
giTen tinw, exactly in the same direction in longitode, or 
(Delecting ike inclinntion of their orfatt«) exactly in the eune 
straight line as aeoi from Jopiter, the lat mofit be exactlr n 
the opposite direction. 

If therefore, as we stated above, the Snd aod 3rd be eappoaed 
to be together iu the position of fiili moon, the Ist must 
necessarily, by the second part of Laplace's theorem, be b 
that of new moon ; while a httle consideration of the fomxt 
part of the theorem in qaestion will show, that the three 
never be fall moons, or new moous, or la fact be all seen il 
any giveii direction, at the same time. 

It will be remembered that we stated (see page 329) that tk 
angolar movement of the 2nd is not far from being equal t» 
twrice that of the 3rd, while that of the lat is almost exactlT 
doable that of the 2nd ; their angular velocities being jnst 
moch greater as their periodic times are shorter. The 
bers 1, 2, and 4 therefore ver>' nearly represent the ratioa 
their respective velocities. If they did so precisely, it is 
course evident, since 4 plu8 twice 1 equals three times 2, tli 
the first part of Laplace's law of their motions woold be 
HatiMtied. 

But tliat law, as discovered by Laplace, involves tha tnA 
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of this relation, when, instead of auch approximate numbers, 
the exact values of the velocities of the three inner Satellitea 
are used. And it results that, if the tliree be at any given 
time in the same straight Hue drawn through Jnpiter, — as, for 
instance, if the 1 at be in the position of new moon, and the 
other two upon the opposite side of tlie planet (see the first 
diagram in Fig. LXXVL), — they will again occupy similar 
relative positions a. very short time before the outermost has 
quite completed one entire revolution (see the fifth diagnmi in 
Fig. LXXVI.) 

But, for an approximate explanation of this peculiarity of 
their movements, it will suffice to imagine them to start as we 
have jnst stated,* and then to suppose that the innermost will 
go round exactly four times, and the 2nd twice, while the 
3rd goes round once ; which is what would hap{)en if their 
velocities were precisely as the numbers 1, 2, and 4. Then 
the four remaining diagrams in Fig, LXXVI. will eafficiently 
represent in succession the relative positions of these three 
Satellites when the innermost has gone round once, twice, 
three times, four times, respectively ; and will show, in agree- 
ment with Laplace's statement, that all three can never lie 
in thi' same direction upon the same side of Jupiter at the 
same time. 

We must now explain a few additional technical terms con- 
nected with those jihenomena of the Satellites, which still 
remain for our discussion. 

When a Satellite is seen by an observer upon the Earth to 
enter the shadow of Jupiter, and thereby to be ecli]jsed, the 
commencement of the eclipse is denominated an immersion, or 
intfreas ; its end, when the Satellite exits from the shadow, is 
csJled an emersion, or egress. 

But there is another way in which a Satellite may be hidden 
from our view. It is when the body of the planet is actually 
between an observer and the Satellite, which is then said to 
be occulted. The beginning and the end of an occultation 
are respectively termed a disappearance and a reappearance. 

* It may be well to remark that the relative pomtiotu thus supposed lire 
inch as they re»Uy occupy Crom time to time. 
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Under audi circumstances it is possible tliat a Satellite 
also be in the shadow of Jupiter, during a jwrtion of the 
which it occupies in passing behind the jilanet, or dee ccrM 
that it may be cohicidently occulted and eclipsed. Or, to 
plain what we mean a little more fully, a Satellite may 
eclipsed, and then ent«r into the position of oceultation 
its ecliiise is ended ; in which case we may begin oar obsefr 
vation by seeing its ingress into eclipse, and finish by seeiw] 
its reapi>earance from oceultation. Again, it may disap{ir-' 
by oceultation, and presently emerge from eclipse, withe 
the end of the oceultation or the beginning of the Bcli| 
having been visible. The following diagram, in which 




Fill. LXXVIl.— OcL-ulullna!. xuil E>'li]i>i;>^ or h Snlellilc ol 

must of course be understood that the circles repreaenti 
the sujipoaed orbits of Satellites round Jupit^ir are, for i 
sake of clearness, much exaggerated in size iu cooiparw 
with the distance of Jupiter from the Earth, may surve I 
illustrate how mich cases may arise. 

It is not difficult to uuderstaud trom Fig. LXXVIJ. that, jH 
the Earth is approaching the position o, in which it would e 
^upiterin Opposition to the Snn; — 1>., if itl>e in such apoHJt^ 
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as A, — the eclipses of the Satellites will precede their occolta^ 
tioDs ; the arrows showing the directiou of the motions in- 
volved, amlthe order of the pheDomenu that will occnr being 
iadicated by the letters r, e, d, b, which reapeetively stand for 
Ingres a, Egress, Disappearance, Reappearance. After the 
Garth has passed o, and has attained such a position as z, the 
order will evidently be reversed, and be d, r, i, b. 

It may be noticed in our diagram that Jupiter is supposed 
to be in the same position J, during the whole time that 
the Earth is moving from A to z ; in fact, the onwaixl motion 
of Jupiter is not shown. But the fignre is only so drawn 
to save complication, and the explanation given will apply 
just as well as if successive positions of Jniiiter were shown. 
This is the case because the Earth moves round the Sim 
much more quickly than Jupiter, so that we may neglect the 
motion of the latter, by supposing the Earth to be moving 
■with the difference of its own angular velocity and that of 
Jupiter. Or even without so doiug, we might first suppose z 
to be omitted in the diagram, and then, secondly, suppose a to 
be omitted and z to be inserted : when it would perfectly 
apply to the two different cases, and correctly represent for 
each of them the relative positions of the Earth and of 
Jupiter, and the phenomena that would result. \ 

It may also be perceived, that the nearer a Satellite is to 
Jupiter, the less likely is it that all the /our phenomena (Indi- 
cated by the letters i, E, D, r) will be visible when the Earth is 
at a given distance from o, without their interfering with one 
another. For instance, if a Satellite be supposed to move in 
an orbit represented by the dotted circle, which is drawn at 
abont Irds of the distance of the circle iedr from Jupiter in 
Fig. LXXVII., it is evident that an observer upon the Earth 
at A would see it pass into the shadow, but he would not see it 
emerge, since just as it wotUd otherwise do so it would he 
occulted. Presently, however, he would perceive it reappear 
from behind the planet, its emersion from eclipse and its 
disappearance by occultatiou having both been invisible. 
Similarly if the Earth were at z, the disappearance of such 
a Satellite by occultatiou woidd be seen, but not its re- 
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appearaTiee, because its eclipse wotild at the i 
begin. Tlie egress from eclipse woolcl, bowerer. bi 

For a Satellitfi moving- as far from Jopitw i 
lEDR, the aame coincidence of phenomena wonlil 
Earth were at b, since the straig-ht line be joinini 
and the Satellite at the moment of its egiww : 
wonld, in that case, also mark the point where tb 
ance by occidtation wonld tjike place ; in fact, for 
at B the points d and e wonld come together. Sia 
observer at r, the points r and r wonld coincide, si 
Ti, if drawn, wonld just graze the edge of the plao 

It may be interesting if we state that the «m^ 
tances and dimensions really involved are soch. 
and 4th Satellites are far enongh from the plai 
the beginning and the ending of their occaltationi 
eclipses to be in general visible ; the 4th, howe! 
often as not, as we have previously explained, eKi 
altogether when in the ])Osition of fiill moot 
ever, Jnpiter be very close indeed to Opposition 
i.e., if the Earth be very near indeed to snch a n 
the eclipses of none will be visible, as the mint^ 
then in every case come slightly beyond i and e < 
of the shadow of Jupiter. 

The distance of the 2nd Satellite also on n 
permits both the beginning and the end of its < 
seen, although it is so much nearer to Japiter thi 
mnst in such a case be a long way from the line joj 
to tlie San. The 1st Satellite is so close to Japil 
the beginning and end of its eclipses cao oever be 

And a little further consideration of the fismi 
that the general rale for the order and visibility o 
mena in the case of the lat and 2nd Satellites n 
as follows : — If the Earth be moving from a posil 
Jupiter has been seen in Conjunction with the Sun 
ill Khich ft will be seen in Opposition (in which cm 
approaching o in the diagram), only the Iaei«M mi 
ance of the 1st. and fin eeneral) alao of tk» <>ful < 
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Earth has passed beyond a position ia which Jupiter is seen is 
Opposition, and is proceeding towards one in which it will see 
it in Conjunction, the pbenomeua to be obBervcd in the case of 
the lat and (iu general) of the 2nd will consist of a Disappear- 
ance by occultation and an Egress from eclipse, the end of the 
oceultation aud the beginning of the eclipse being invisible. 

But, in addition to the eclipses and occultations of the 
Satellites, we fre(]uently see that they pass between us and the 
globe of Jupiter. At such times a transit of a Satellite is said 
to occnr, as it then apjiears to tmrel, or to tranuit, across the 
disc of the planet. Nor is this all, for we are able (and with 
greater facility) to watch the shadow which tho Satellite casts 
upon Jupiter, as it also sweeps across its surface. This is the case 
in Mr. De la Rue's beautiful drawing in Fig. LXVII., page 304, 
iu which one Satellite is faintly visible in transit, while its 
shadow is dearly seen at some distance from it against the 
background of the planet. Again, in the second drawing by Mr. 
G. D. Hirst, in Plate VIII., p. 304, the 4tb Satellite apjiears as 
a small, darkish spot on the lower, or northern, b^f of the 
view, while somewhat above it and to (he left of it the shadow 
of the 3rd is shown as a darker and much larger spot. 

These two kinds of transits correspond resjiectively to those 
which might be seen by an observer upon the Sun if the Moon 
were passing between him aud the Earth. He might not only 
see it ap[)arently crossing the Earth's disc, but he might also 
see its shadow sweeping over a zone of the Earth's surface, 
upon which a Solar eclipse would at the time take place. 
The occurrence of the various phenomena which we have 
thus described is well illustrated in Pig. LXXVIII., which is 
almost exactly copied, by the kind permission of Mr. Bentley, 
from one in the English edition of M. Guillemin's very popular 
work, "The Heavens." In this tigure a Satidlite is shown in 
transit upon Jupiter at t, while its shadow is at the same time 
seen upon the disc at s. Of the other three Satellites one is 
undergoing eclipse, and another is just about to ilo so. 

It requires but little consideration to see that, if a straight 
line joining the Earth and a Satellite meets the planet's disc, 
it will in general do so, as in the figure, at a different point from 
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oue joining the centre of the Sun and the Sit 
former meets it where the Satellite while in t 
the disc will, if distinguishable, be aeeo projected i 
latter indicates where the shadow of the Satellil 
the planet. 
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the same order of seqiieoce in the two transits, wherever they 
we visible, will occur, iintil Jupiter is so near to Conjnuction 
' with the Sun that we are unable to watch it. When it again 
' becomeB visible after Oonjouction, and untO Opposition takes 
place, the Satellite will he seen to_/ollom instead of to precede 
its shadow as it passes across the disc. 

From onr previous comparisou of the occurrence to that of 
a Solar eclii>se, it will, of course, be understood that, wherever 
such a shadow falls upon Jupiter, aa pclipse of the Sun is ia 
progress. But we have met with no attempt, in any elementary 
work, to calculate the size of these shadows, or the durations of 
the total eclipses of the Sun which they produce upon Jupiter ; 
nor can we here devote much space to any such calculation. 

We may, however, mention that, in some of our lectures 
delivered at Greshah College in which we have considered 
these Satellites more minutely, we have worked out a few 
approximate calculations, without any attempt at strict accu- 
racy, which show that the shadow of the 4th (or furthest) 
Satellite is about 960 miles in diameter when it falls upon 
the plauet. We also found that, at a place upon Jupiter's 
equator, if this Satellite were in the zenith, a total Solar eclipse 
would be caused of about 6 minutes' duration. There would, 
however, be one remarkable difference between the circum- 
stances involved in snch a Solar eclipse, and those of one seen 
upon the Earth ; viz., that, instead of the rotation of the place of 
observation round the axis of Jupiter helping to diminish the 
speed of the shadow jiassing across it (as is the case with the 
rotation of the Earth and the shadow of the Moon upon it), the 
speed of the shadow (viz., about 18,5CI0 miles per hour) would 
help to dimiuish the greater speed of about 28,000 miles per 
hour, with which the axial rotation of the planet wonld 
otherwise carry the observer through it," 

For the 3rd and 2nd Satellites, we found the speed of the 
respective shadows, under like circumstances, to be about 

* The difference of the two ipeeda being 9.50:) miles per hour, tha 
width of the Hhodow (951) miles) would pass over the HUpposed point of 
observation in about ,^lh of an hour, or in about 6 minatea, aa Htat«d 
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24,500 miles and 31,000 miles per hoar. But 
velocities the one only falls short by about 3,J 
the other only exceeds by abont 3,000 miles, th 
planet's rotation. A most remarkable result ir 
ensue ; viz., that the shadow in the former case 
keep up with the place of observation ; while, 
case, the place of observation would nearly kee] 
shadow. And the respective widths of the shad 
the 3rd Satellite about 2,430 miles, and for 1 
1,450 miles, a total Solar eclipse might, in the 
for fdlly |rds of an hour, or for more than 40 i 
miles being rather more than §rds of 3,500 milei 
other case for about half an hour, 1 450 miles bei 
half of 3,000 miles. 

For the 1st Satellite, the speed of the shac 
nearly 40,000 miles per hour, ue., quicker than 
speed of an observer by nearly 12,000 miles, o 
shadow of fully 2,000 miles in width wonld the 
about Jth of an hour, or 10 minutes. 

It is a useful and interesting exercise in arith 
out the simple proportions required for the above 

* We append a roagh calcalation for the case of tb 
illustrated by Fig. LXXIX., in which, however, the ni 




Fiff. LXXIX.— Diameter of the shftdnw of the tnd SateUite at Janite 

the Planet. 

space at our disposal have forced us very much to distort 
size and distance in the bodies involved. The moet import 
calculation is, however, accurately indicated in the figure, 
about two- thirds of sd Let the straight lines terminate 
supposed, at a distance of some 484,000, <XX) miles from < 
through > and d. the extremities of the Sun's diametor. 
Satellite's «liameter, and .^Z its shadow. Then /*/, bei 
miles, is alK)ut a .'..th jnirt of sD, the Sun's diameter. 
about i?.„th of s/>, or .,V.th of s^^ i.r. .,.,..,ih of about 4H4 
or about l,2]:i,(M)ii miles. Lrt .f\v l)e the width of th 
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I Of conrae, in doing so, allowance must be made for the fact that 
. an observer upon the surface of Jupiter would be nearer than 
. the centre of the plauet to a Satellite seen, according to our 
, BnppositioD, in his zenith. We cannot now consider what 
fiirthet complications might be involved at places more or less 
north or south of the planet's equator ; or how the eclipses 
wonld be affected by the altered speed and shape with which 
the section ^f shadow, as it gradually travelled off' the disc, would 
pass over localities from which the Sun and the Satellite would 
be seen at a less and less elevation above the horizon. Some 
very remarkable effects might doubtless result, and a consider- 
able lengthening of dnration might occur. 

It is, however, at all events worth notice, that an observer 
upon Jupiter would have a great advantage over one ni>on the 
Earth, in the much greater frequency with which total Solar 
eclipses wonld occur. Every 42 and 85 hours, respectively, the 
shadows of the 1st and 2nd Satellites would pass across a zone 
of the surface of about 2,000 and l,4o0 miles in width ; while 
that of the 3rd, although less often, would do so once in every 
172 honrs, and would be of the greater width of some 2,400 
miles. 

The 4th Satellite is, as we have previously mentioned, the 
only one which can pass through the position of new moon 
without casting its shadow upon the ]ilanet. In fact, it may 
travel so far from the plane of Jupiter's orbit, and from the 
ecliptic, that we may occasionally see the Satellite pass above 
or below the disc, while the shadow is in transit across it ; or 

Jupiter, then »i equals the dutanue of the Satellite from Jupiter, which 
is 41T,iKX) milsH, diminiiibecl by the radius of Jupiter, which is about 
44,000 miles. Therefore «.i equftla about 373,000 miles. Subtracting this 
from 1, 213.001 1, the previously obtained value of sp, we have for that iii 
A}i about 84<),<>0il miles. And jw will be the same fraction of srf (which 
latter is 2,1<)<) miles) that Jp is of »p. Therefore JW is ,Vi°AVg of xl, or 
rather more than ij of 2,100 miles, i.r., about 1,450 miles. As the wbol^ 
circumference i)f the Satellite's orbit is about I'lJ times 417,000 uilos, or 
alKiut 2,6'iO,000 miles, round which it travels in S5 houis, we also easily 
obtain (by dividing 2.li20,0O0 by Ha) for the speed with which the shadow 
will sweep across the surface of Jupiter, about 31,0(Xi miles per honr, as 
is stated above. 



i 
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it may be that both the shadow and the Satelli) 
transit. 

' Bat, notwithstanding the comparatively small d 
dnced by the 4th Satellite, we can hardly feel otb 
envions when we think of the occorrence of so mai 
prolonged Solar eclipses. If we coald stndy tl 
phenomena which we see so rarelj, and in gene 
3 or 4 brief minutes at a time, every two or three 
our leisure gaze at them for some 1 or 20, or even 
tive minutes, how much might we discover as tc 
envelopes of the Sun, or as to the existence of i 
meteorites, or of a limited number of intra-merci 
in its immediate vicinity I 

To proceed, however, with the actual phenoi 
transits of the Satellites and their shadows wl 
observed from the Earth, we may remark that, 
seen exactly, or very nearly, in Opposition to the 
course, i)ossible for a Satellite and its shadow t 
almost upon the same spot, apparently overlying 
upon the disc. At least one instance * has been se 
Satellite thus so nearly occulting its own shadow 
only a crescent-shaped portion of it uncovered. Ai 
by Mr. F. M. Newton is also recorded in the Engl 
of Febniary 9th, 1872, when the 1st Satellite wai 
posed upon its shadow. 

The transits of the shadows are in g'eneral mm 
tinctly visible than the transits of the Satellites 
This is only what might be expected, as it m 
understood that a dark black spot is more notices 
small bright body of the Satellite in contrast witl 
planet, which is also for the most part bright. Ina 
ever, as the planet's disc is not so bright near t< 
ference as in the more central parts, the Satollito; 
a])])ear to be brighter than the disc when they 
ui)()U it and leaving it, but when about one-f,>urth 



* Ih' Mr. (i. D. Hirst, of Sydney, N.S.W., on May 13 

Kiiiil'iiih MuJkiiui\ August 11 til, 1H7G. 
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^^the way across tlioy are usnally lost in the greater bright- 
sa of the siirriraiidiug surface. 

All sorts of variiUiona, however, take place in the phenomena 

" Berved during the transits. Sometimes the :trd and 4th 

■tellites, and occastoually the Ist, aeem to be nearly as dark 

tbeir shadows ; Hometimes they look bright in comparison 

^h the backgraiind of the disc throughout their journey 

"tobb it. Moreover, the same Satellite appears to reflect dif- 
'hreat amounts of light while in transit on different occasions ; 
'id this is the case even when the part of the planet's diac 
"aoD which it is seen shows no indications of any decided 
Hiuige in brightness. 
' "When, however, we bear in mind that, at one time, the back- 

eound against which a Satellite is thus seen may be a bright 
'one, and at another a dusky, or a very dark, belt of the planet, 
*; may easily be understood that it is well-nigh iniiiossible to 
ompare them when in transit systematically one with another, 
« as to form a correct judgment as to any periodicity 
n their eUanges of brightness, such as might be possible if 
ibey passed over an uniformly illuminated portion of the 
ilanet. Upon the whole, the 3rd is that which seems most 
.nclined to appear dark, while the 2nd most fully keeps Dp 
its reputation for brilliancy. 

In connection with this statement we may remark that not 
only did Galileo notice from the first, as we have mentioned 
in the beginning of this lecture, variations in the light of the 
Satellites in different jiarts of their orbits when not in transit ; 
bnt Biauchini, soearlyas A.D. 1714, also mentions the same fatrt, 
ftDd states that he sometimes observed the 4th to be so faint as 
almost to be invisible. Moreover, it is well known that Sir 
W. Herschel, after a series of careful observations, concluded 
that the changes of brightness, exhibited by all the Satellites, 
oorresijonded to their positions in their orbits ronnd the 
planet. 

uJ£ 80, the probable oonclnsion would be, that they rotate 
^^fttheir axes, as is the case with the Earth's Moon, in times 
^^^B 'Xi those in which they revolve round Ju]iiter, the 
^^H r light being caused by the brighter or darker 

^ . 
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portions of their surCoceB which are pe""**^ '^■''^araed toinrb 

the Earth. ^^Co 

NeverthelesB modern observations, e-^^^ ^''''' 'a the case ofihe 
4th Satellite,- have hardly confirmed tUi-^yiclasit>n,aa marl* 
Been by a reference to the elaborate iove^ Jettons of Profi»i»r 
Engelmann, of Leipzig (see Montldy Dotiees R. A. !x, rtJ. 
xxxiii., p^e 472; and vol. xl., i«ge 169). It may, however, 
be the case that a general absence of ajMits or darker |K>rtioD» 
upon the 2nd, which wonld agree with its usnal brightness 
when in transit, and a general pri-valence of them npon thr 
ard, which would account for its general darhnesa imtiei 
similar circunistances, may simply make Herachel'b 8uppos«>l 
law of rotation harder to detect in their case than in that of 
the other two, so that it may etill really hold for all the fonr. 

Bat, ajpart from any such |>eriodic eft'ects which may arise 
from their rotation, their light undoubtedly exhibits other and 
very irregular changes. These, we think, may most probabh 
be assigned to clouds and vajKiurs in their atmospheres, some 
other indications of the existence of which have also ftom 
time to time been noticed during their transits. 

One of the most recent statements which we have met with 
upon the subject is to be found in " Les Terres du Ciel," by 
Flammariou, page oil. It is deduced from observatiooa nude 
in 1873, 1874, 1875, and 1870, and is as follows:— In iDtrinwc 
brightness for equal surfaces the order of rank is I. (the 
brightest), II., III., IV.; t although, [rossibly the 2nd aometimM 
seems slightly to sur}iaas the 1st. As to variability of the light, 
the order is IV. {the most variable), I., II., III. ; the light of 
the 4th varying from that of a 8th to that of a lUth niagttitttde 
star. On March 25th, 1874, M. Flammarion meutiona that a 
8i)ecially remarkable contrast H'as exhibited. The 2Dd Setd- 
lite appeared white ; the 3rtl, dark grey ; the shadow of ibr 

* Poatibly in the case of the Ut Satellite ntso. 

I As the Ist appcBTB, in general, to exhibit the best li^t-i«fl«cUM 
power, we may obtterve in pasging that, in all probability, it poase^ua A* 
moat cloud; atmonphere of the four. CompAre Lecture YL, pp. I4$h| 
149 ; and Lectnre VII,, p. Iti5, as to the reflecting power of clonds km IM 
atmospheres: of Mercury. Venua. and Jupiter. 
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ynd, grey ; and that of the 3rd, black ; when in transit at the 
same time. 

And here we may appropriately draw attention to an imiiorrant 
class of observations which have from time to time been made; 
viz., that the Satellites are occasionally seen, so to say, tbroagh 
the edge of Jnpiter's disc, for a short interval after they filiould 
be, or have been, occnited. "Whether this is an optical delusion, 
or a resnli of some diEFractive effect of the lenses of the tele- 
scope, or caused by the refraction of Jupiter's atmosphere, we 
can hardly say. It may, however, be the case, that move- 
ments or disturbances in the vaporous envelope of Jupiter 
occur, sufficiently vast and rapid to distort tlie edge of the 
disc, suddenly, and to such an extent, that we continue to see 
a Satellite when it would otherwise have passed to a short 
distance behind it ; or that there are occasionally movements 
in the contour of these vapours so exceedingly violent that 
they even permit the apparent reappeamnce of a Satellite 
shortly after its occnltation ; • so that, after going behind the 
planet's disc, it seems to have come back again to some dis- 
tance outside its edge. Some very interesting observations 
bearing upon this question have of late been made by Mr. 
Todd, at Melbourne, Australia. Since, however, irregularities 
in the contour of the planet, when independently and very 
carefully watched for, have been very rarely, if ever, certainly 
detected, we must consider this question to be at present 
undecided. 

It may easily be understood from our preceding statements 
that it is possible that Jupiter may sometimes appear to an 
observer upon the Earth to be without any Satellites at all, 
inasmuch as three of them may be occulted or eelijised, and 
one invisible while in transit. Or there may be two iu transit, 
and two eclipsed, and so on. Some remarkable and very 
interesting instances of this kind have been recorded. One 
so long ago as 1681, when the planet was thus seen by 
Molyneux; another on May U^rd, 1802, by Sir W. Herschel ; 
another on April loth, 1820, when this condition lasted for 

* See tbo well-known obeervatioDB of Admiral Smftli nnd two cither 
astrononera recorded in big " Celestial Cycla," toL i., page 184. 
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two hours ; imother on Sept, 27th, 1843, when t 
thipty-flve mimites; auother on Aog. aist, IS 
liours (see vol. vi. Popular Science Heri^ir, page 
next occasiou will be on Oct. Iftth, IS^3. It wil 
only Iftst for nineteen minnteB, and will be b« 
aomewbat inconvenient honrs of 56 miuates paa 
qnarter jiast 4 a.iii, (see the Observatory of M: 
pftRi! yo7). 

We need not here discusH the attempts that have 
to determine the distance of the Earth frona the Sai 
vations of the Eclipses of these Sutellites, the pi 
voived haxTug been snificiently explained in Lectnr 
and 14, We will therefore only recall To the mei 
readers that, when Jupiter is at its nearest to the 
eclipses occur about 8i niinntes sooner thaa they 
werp at its mean distance, and 8i niinatcs later 
at itH furthest distance, the discrepancy depending 
velocity of light, which takes about 997 seconds, or ' 
I6J minutes, to traverse the diametef of the Earth*t 

It being in these days possible by other means to del 
velocity of light, it follows that the observation and 
of t)ie eclipses of Jupiter's Satellites, if effected with 
increasing precision, may, in course of time, give us 
the 8nn's distance from the Earth of great accarao] 
8e(jHently of great importance. 

On the other hand, the historical interest of the fi 
much increased by the fact that, originally, by a revez 
it was the discrepancy in the observed, from the 
times, of the occmrence of the ecli])8e8, which led 1 
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, heir occuireuce, hy the com]>ari30ii of which with local time 
Tie longitude may lie immediately deduced. More exact methoda 
the eclipses not beiug nf a sufficiently instautaneons character) 
''je, however, necessary when much precision in the longitude 
s desired. 

' To conclude onr discussioQ of these four far-distant Moons, 
*ffe may remind our readers of the proof which we gave, in Lec- 
"■.are III., pp. 58-61, that the Moon's orbit ia always concave to 
:he Sun ; and we may mention that we have been asked more 
%han once, during the delivery of this course of lectures, whether 
'this is also the case with the orbits of Jupiter's Satellites, It 
is easy to see that it is otherwise. In the case of our own 
^oon we showed that the Earth would draw it when new about 
'jiT-ths of an inch in a second of time out of a straight line, 
towards itself, and away from the Sun, while we found that the 
Sim would draw botJi the Earth and the Moon through nearly 
^ths of an inch per second in the opposite direction ; the result 
being that the Moon is at such a time drawn not quite ,'jth of 
an inch in a second away from the Earth, while it travels in 
comimny with it through a distance of about 94,5(X.) feet around 
the Sun. The Moon's orbit is therefore concave to the Sun 
when the Moon is new; and when it is full, since both the 
Earth and the Sun pull it in the same direction, towards the 
latter, the concavity is still more marked. 

But if we consider the outermost Satellite of Jupiter when 
it is in the position of new moon, we find, that Jupiter's power 
over it is sufficient to draw it about ^ths of an inch towards 
itself in a second, while the Sun wonld only draw it about 
j^ths of an inch in the opposite direction. Ar that time, 
therefore, the orhit must be concave to Jupiter, and convex to 
the Sun, And the power of Jupiter over the three inner 
Satellites being greater still, their orbits will, when they 
are new moons, be still more convex to the Sun than that of 
the 4th. 

Let us investigate this statement a httle further; and, to 
begin with, let us notice that the orbital velocity of Jupiter 
round the Sun, of which the Satellites partake in addition to 
their own velocities round the planet, is rather less than 29,000 
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miles jier hour, while those of the Satellites iu their respective 
orbits round Jupiter are, — for tlie ont«rmost about 18,oOO miles 
per hoar; — for the 3rd about 24,500 miles; — for the 2nd 
about 31,000 miles ;— for the Ist about 39,000 miles. The 
two innermost will therefore, when new, and in their nearest 
liosiliona to the Sun, be really moving backwards in comjiarison 
with the onward motion of Jupiter.* This may be seen by 
a comjiarison of the arrows which refer to Jupiicr, and to tha 
Satellites respectively, in Fig. LXXVIII. 

It will be remembered that the velocity of the Earth's Moon 
in space varies so little that it only changes from about 64 to 
68 thousands of miles per hour, the orbital velocity of the 
Earth being about G6,000, and that of the Moon around it 
rather more than '.^,000 miles jier hour, which latter velocity 
(see Lecture III., p. GO) is alternately added to and subtracted 
from the former. But the onward velocity of the oatermost 
of Jupiter's Satellites, when in the position of full moon, will 
equal the sum of Jupiter's orbital velocity of Sll.tiOO miles pet 
hour, and its own velocity of 18,500 miles per honr rotulA 
Jupiter ; wliUe as a new moon its onward 8]>eed will only tw 
equal to the diflerence of the same two velocities. It wflQ 
therefore vary from about 47,500 miles to about 10,500 mOes 
per honr. In like raauner, that of the 3rd will vary from 
53,500 miles to about 4,500 miles [)er hour ; while, as we have 
just remarked, the 2nd will have an (jw/mrrf velocity of 60,000 
miles as a fidl moon, changed lo a retrograde velocity of about 
2,000 miles per hoar as a new moon ; and the 1st will change 
an omcard velocity of 08,000 miles for a baclimird velocity of 
about 10,000 miles per hour, when similarly situated. 

It results that the path iu space of the 4th Satellite 
during one of its months of about 16i( days is as shown in 
Pig. LXXX. ; and that of the Ist, during its much shorter 
month of about 42J hours, as in Fig. LXXXI. ; the former 
path having its convexity towards the Sun when the Satellite 
is a new moon ; while the path of the latter, under similar 
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circuniBtanu^s, is not only convex, but is actnnllj looped, owing 
to the retrograde motion of the Satellite. It may also be 
noticed, that, in each case, tlie degree of convexity in the path 
at the time of new moon is actually greater than tlie degree 
of concavity at the time of fnll moon, although Jnpiter and 
the Sun are pulling againat one another in their attractions 
upon the Satellite in the former case, and conjointly in the 
latter case. This arises from the fact that the actual velocity 
of the Satellite through space, when it is a fall moon, is so 
much greater, that even the joint attraction of the Sun 
and Jnpiter is not sufficient to curve the path so rapidly, as 
it is curved by the difference of their attractions when the 
Satellite is moving so much more slowly through space as a 
new moon. 



Fig. LXXX.-Tlici 






In Fig. LXXX., Jgj, reprivsents a distance of not much less 
than 12,000,000 miles which Jupiter travels while the 4th 
Satellite rotates once roaud it, from the position of full moon 
at Mj, throngh that of new moon at m„ on to that of full moon 
again at ii,. The distance from Jupiter to the Satellite being 
about I'^th of JiiJ„ we divide this latter into a certain munber 
of parts, as in the figure, in which the points Jb, j^, J;, etc., 
a{iportion tbe whole length into eight equal parts. Then from 
each of these eight points we measure a distAuce equal to 
,'((th of JsJi to the respective i>oints M^, Mg, Mj, etc., which will 
give the corresponding positions of the Satellite as Jupiter 
travels onwards, provided that the directions of J„u, and j,m, 
be directly from the Sun ; that of j,Mj directly towards it ; jyM, 
aud jgMj perpendicular to these two last-named directions, or 
neai'Iy along the path of Jupiter itself; and JgMt,, JbM,;, j,M4, 
jjMj at angles of 4o degrees to that path. A curve drawn 
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through the points m», Mg, M,, etc., indicatea the actnal path 
of the Satellite iu space, which is evidently of the form shown 
ia the diagram.* 

Fig. LXXXI. ia drawn in a similar manner for the let 
Satellite, only upon a much larger scale, so that J^i, which is 
the distance travelled hy Jupiter iu about 42^ hours, only 
represents about 1,240,000 miles; while the distance from 
Jupiter to this Satellite is about 262,000 miles ; i.e., about 
Jl, or not quite ^th of v,. With this exception the method 
by which the actual path of the Satellite is obtained is the , 
same as iu Fig. LXXX. It is evident, as would also follow 



^^m right, I 

^^H diikgra; 



Fig. LXECI.— The actnki path or ilie lot Sinellii« o( Jupiter in spnce dnriaR 

firom our previous statement as to the retrogi-ade motion of ths 
Satellite when in the position of new moon (as at Mg), that the 
orbit in space is looped as ie shown in the figure. 

We have already exceeded the limits to which we intended 
to restrict our discussion of these four Moons. Our excoae 
most be, that in them and the planet round which they circle 
we have what we might almost be justified in calling a minia- 
ture Solar Syatem. We have seen in our last lectiire, that, the 

* It would have been better both in Fign. LXXX. and I.yiTTT jf j 
the letters had lieen nuoibered from right to left, mBtend of frum left to f 
right, ns the former direction is that in which in our previous figuraw« btn J 
taken Jupiter to move. The Bun ie supposed to be situated benatth eacb | 
diikgram. 
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more closely we investigate the huge primary to which they 
belong, the more details we discover to reward our zeal. In 
this lecture we have endeavoured to show, that the study of 
the Satellites, although more difficult, and in some respects 
less encouraging, is hardly less instructive or important. If a 
new and more accurate set of tables of their places than we at 
present possess can ere long be constructed, and if instruments 
of the greatest possible power be applied to their observation, 
we think it probable that many matters connected both with 
them and with Jupiter itself, which we as yet regret pur 
inability to explain, may be found to be full of information. 
Tlie facts which now puzzle us may be the very fects which 
will teach us what the physical condition of the planet really 
is, or what mutual good offices Jupiter and its Satellites 
perform for one another. 

We may some day be able to discuss upon much better 
grounds than at present the possibility, or otherwise, of the 
hypothesis, that they may be worlds peopled by inhabitants 
who may look upon Jupiter as a Sun with four attendant 
planets, rather than as a planet with four attendant Satellites 
journeying round a far^stant Sun. 
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LECTUEE XIV. 



THE PLANET 8ATURS. 



■' But farther yet the twdy Saturn lagB, 
And Ave* Httendant lomiiuiries drags ; 
Inresting with a double ring hie pace, 
He trarclM through immen«ity of spice." 

Cmattertos (" On the Cojierniciin Sy stvi 

At a mean distance from the Suu almost exactly 400 milliou . 
of miles beyond the orbit of Jupiter, we find another planet; 
more fascinating and more marvellous still. Or it may be 
that we should rather say another planetary system, for 
Saturn with its eight attendant satellites aud appaiiage of' 
ring outlying ring may well be bo termed. 

There is perhajis no more beauteous sight in the whole 
heavens than that of the Satnroiau system iu a telescope of 
considerable power. The planet itself surjiasses all the rest 
in a certain calm distinctness which seems to be inherent in 
its image ; while in the peculiar form of the rings, with the 
mighty globe balanced within them, aud in the never-ending 
variety in the positions of the satellites, there is a charm that 
no pen can describe. The moat experienced observer iiever 
wearies of such a siglit. 

True it is, that we cannot distinguish nearly so much detail 
of belt, or spot, or physical condition upon Saturn, as npon 
Jnpiter, owing to its smaller size and its much greater distaiice 
&om the Earth. Several parallel bands, or markiugs, of lighter 
or darker colour, are, however, frequently seen on its disc ; two 
at some distance on either side of the equator being generallj 

• The nurobet known when Chatterton wrote the above Hdm, mob 
after the middle of the 16th century. 
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ol'a brownish hue, while the polar regions, as a role, are bluish. 
Spots are rarely visible iiiHjn it. Nevertheless some, both dark 
and light, have at times been sufficiently distinct and permanent 
to atford a determination of the period of the planet's rotation 
upon its axis. In this way Sir W. Herschel obtained for its 
duration 10" 16'". But the best determination yet made is by 
Professor Asaph Hall, from a white spot visible during nearly 
a month, beginning with December 7th, 1876, which gave a 
result ]■" 36" less than Herschel's, viz., 10" 14" 24'. 

Next to the appearance of the planet's disc we feel temptetl 
to jiroceed at once to discuss its wondrous rings, — so marvellous 
in themselves, so utterly unlike what we see in any other mem- 
ber of the Solar System. But we must first pause for awhile 
to mention, as briefly as possible, some of the accurate measure- 
ments of the size and shape, the weight and orbit, of Saturn, 
which, in spite of its vast distance, tlie jierfoction of modern 
instruments has secured. 

The ball, or sphere, of this great planet measures (apart from 
the rings) about 74,000 miles in its equatoreal diameter. But 
its polar diameter is less by between Jth and j'^th part ; the 
proportionate compression at its poles being nearly twice as 
great as in Jupiter, but not so striking, owing to the smaller size 
of its apparent disc, and possibly from the effect upon the eye 
of the contour of the rings. 

The surface of the glol>e of Saturn is fully 80 times, and ita 
volume about 750 times, that of the Earth. It will be remem- 
bered that, in the case of Jupiter, the corresponding numbers are 
respectively about 120 and 1,300. Consequently the apparent 
volume of Saturn is not very much more than one-half of that 
of Jupiter. We must not, however, forget that our remarks, in 
Lecture XII., as to the difference which may exist between the 
size indicated by the visible disc and the real size of Jupiter, 
may also be applicable to Saturn. Our measurements are only 
of that which, after all, may be an outlying vaporous, or cloudy, 
enveloiw, within which a more solid and smaller globe may, or 
may not, exist. And in one respect this is all the more likely 
to be the case with Saturn, inasmuch as the average density 
of a globe extending to the bonudary which we see, and of a 
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weight SHcli as that of the planet is fouud to be, would only 1* 
one-half aa great as iu the case of Jupiter ; while a globe of 
the same size, if of the average deusity of the Earth, would 
weigh more than eight times as much as Satam weighs. 

The distance of the planet Satnrn from the Sun varies fmni 
about 837 to alwut 937 millions of miles, its orbit Iwiuj 
slightly more oval than that of Jupiter, but only abont Jrd at 
much so as that of the Earth. 

Its mean distance from the Earth, when in Opposition to 
the Sun, is somewhat greater than 790,000,000 miles ; JtipiterS 
being, nnder similar circumstances, about 390,000,000 miles. 
If its globe were of the same size, it would therefore ai)i>ear. w 
such a time, to be of abont one-half of the diameter of thai 
of Jnpiter, but, being smaller in itself, its apparent width i* 
reduced to rather less than y^f^ ^^ Jnpiter's, while in arw 
its disc barely exceeds Jth of that of its larger neighbonr. 
A magnifying power of 120 (i.e., in linear dimensions), when 
applied to a telescope, therefore only enlarges the disc of 
Baturn to the same size as that to which the disc of Jopiter 
is enlarged by a power of 50 ; and of course the same p^opo^ 
tion holds in the case of higher powers. But the api>areiii 
width of the image of Saturn, from the extreme boundatr of 
the rings on one side across the planet's disc to their extrenif 
boundarr on the other side, is about the same as the apparvnt 
width of the orb of Jnpiter. 

Withont attempting to recollect all the above atatemeals, 
it may, i)erliapa, be well to commit to memorj' some ancb 
approximate and simple numbers as the following : — Tlir 
Earth's diameter is about S,000 miles ; Jupiter's cqaatoreal 
diameter is about 88,000 miles, i.e., abont 11 times the Earth's; 
Satnrn's efjuatoreal diameter is abont 74,000 miles, i.e., fullT 
9 times the Earth's ; the diameter of the external contour i^^ 
the rings is nearly 170,000 mdes, or about 21 times that of the 
Earth. 

We wdl now ask the attention of our readers to a beantifEil 
drawing, in Fig. LXXXII., of Saturn and its rings, as gfen 
iu a powerful telescope. It was sketched by Mr, De La Rne, on 
March 27th and 29tii, 1850, when the appearance of the rinp 
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closely resembled that which they will have in the year 1885. 
Apart from some minor dirisions, it is clearly shown in thia 
figore that there are two princiiial bright rings divided by a 
very decided dark gap. These are generally termed the rings 
A and B ; a being the further of the two from the ball of the 
planet. Within these two bright rings a mnch fainter dnsky- 
looking ring is seen, which is called the ring c. 

We ranch regret that the enormons distance of Saturn from 
the Earth makes it impossible to stndy these interesting append- 
ages with the minnteness which is desirable, Great assistance 
has, however, been derived from the ever-varying aspects under 
which they are seen at different times. Sometimes they appear 
an a very thin line of light, so that we have heard little children 
exclaim, when looking through a telescope, that the planet was 
like a ball with a knitting-needle stuck throngh it. At other 
times they are seen so widely opened out that their narrower 
diameter, as in Fig. LXXXII., exceeds that of the planet, 
when they consequently more or less snrronnd it on all sides.* 
Nor is it ditScnlt to accoant for these changes of appearance, 
which are known as the phages of Saturn's rings. The rings 
iio very nearly in a plane, their thickness perpendicular to 
which is very small, and the planet is very nearly in their centre. 
If then their shape in the plane in which they lie be supjiosed 
to be circular (and it certainly is ajiproximately so), it is clear 
that they would appear to us as circles surrounding the bal! 
at a certain distance from it, provided their plane were at right 
angles to oar line of sight. On the other hand, if at any time 
we should look at them edgewise, it follows, from the laws of 
perspective, that their apparent form wonld be reduced to that 
of a very thin straight line of light, which would extend to a 
certain distance upon each side of the planet, and probably be 
imperceptible in the iiortioa to which Saturn's bright disc would 
form a background. At their great distance it might even be, 
that the whole of this line of light wonld api>ear so thin that 
its thickness would be inappreciable, and consequently invisible, 
ttt au observer looking at it ejraclhj edgewise. 

* At the present time, a.u. 18S2, thoy ure gradunlly approaching tbU 
iippearance. 
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Under intermediate conditions the circular form of the rings 
would be Been, by the effect of peraiiective, as a more or less 
oval ellipse, according to the angle at which their plane might 
be inclined to the direction of the observer's gaze ; the major, or 
larger, axis of the ellipse always remaining constant in magni- 
tnde ; the minor axis gradnally increasing, or diminishing. 

Now observation shows that the plane of the rings is inclined 
at an angle of ahout 27^ to the plane of Saturn's orbit, and 
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that it always retains a parallel position in apace, while Satnm 
travels round the Sun with a speed barely one-third of that of 
the Earth in its long jonrney of nearly 29^ years" doration. The 
rings, if seen from the Sun, would therefore present in succes- 

* ThU diagram is partly copied, by Mr. Bentley's kind pemlBsion, from 
one in the EcgElah edition of " The Heavens." by Guillemin, The irregu- 
larily in the intervals indicated in it. e.g., 1885 — 1891. I8'JI— 1899, between 
each of which Saturn describsB the same angle of 90° aroacd the Sun, in 
pnrtly due to the different months in each year {tee jiage 3€0, lines 4-8) 
to which the positions of the planet correspond, but principally to its uq< 
equal velocity in its orbit ; its maximum speed occorring when it is in 
perihelion, in the year I88.1 ; lU minimum when in aphelion, in the year 
190(1. 
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sioii the appearaucea shown i 
above-mentioned period. 

Twice in the 29J years, as in February 1878 and October 
1891, they wonld be looked at edgewise, and would be redocwl, 
as we have stated, to a very fine line, or for a few hoars be in- 
visible. Twice, as at the bcginaing of 1885 and in the middle 
of 1899, they wonld be seen in their most fully opened appear- 
ance, when they would, however, still fall short of a circular 




contonr, the greatest ratio of the minor to the major axis of 
their ajiparent form being as 45 to 1 00. It is also to be noticed, 
as is shown in the iignre, that during one-half of the time, 
or for about 14| years, the Sun would illuminate the northern 
surface of the rings ; and during the otiier half of the time 
their sonthern side. 

The view of the rings obtained by an observer upon the Earth 
does not in general differ much from that which would be seen 
from the Sun. Some slight allowance must be maile for the 
fact that the Earth's jdane of motion round the Sun (or. in 

'ler words, the ecliptic) is slightly different from the plane 
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ia which SatufQ moves. And the alternate iacreode and de- 
crease of the Earth's distaace from Saturn, as well as the some- 
what different directions in which the rings may be viewed from 
the Earth and from the Sun respectively, must be taken into 
consideration. Xotwithstandiog these slight differences, we 
are, however, jnstiSed in saying that the appearance is in 
general very much the same as it would be from the Sun. 

But we must ask our readers carefully to notice that we 
^specially emphasize the words "in generaJ." The statement 
above m»le has one important exception. In fact, it ceases 
to be true near to those times when the rings would be seen 
edijeicise/rom the Suit. 

The diagram, in Fig. LXXXIV., shows that, at such times, 
the exact edgewise view from the Earth would only concur 
with that from the Sun, if the Karth should happen to be 
dxactli/ in such a position, e, in its orbit, that it would be in the 
straight line, aes, joining the planet, a, and the Sun, s, at the 
very epoch, when the plane of the rings is passing through the 
latter, and an observer upon it would look edgewise at them. 
6nt such a coincidence in the relative ]iosittonB of the Earth and 
of the Sun is very unlikely to occnr; and it is consequently found 
to be necessary, in order to discover what may happen near to the 
date of a passage of the plane of the rings through the Sun, to 
allow both for the position and for the movement of the Earth 
in its orbit during several consecutive months, as well as to 
take into considei-ation the corresponding movement of Saturn. 

In doing so, and in studying the meaning of Fig. LXXXIV., 
the tirst thing to be noticed is, that the interval, during which 
a passage of the plane of the rings through the Earth may 
occur near to the time of one of its periodical passages through 
the Sun, is limited by the length of time which that plane, 
while sweeping through space ever parallel to itself, occupies 
in passing across the Earth's orbit, eeiEjBj.' During that 

* We shall, Ihrou^fhout this eiplauation, xuppoae the plane of the 
Earth *f) orbit ti >« extended bo as to reach an far as Saturn is from the Sun, 
iiiid the plane of the riDgn to be extended «o &« to pan acroM the Earth's 
orbit. Tbe intersection of the two planer will consequently be a stnugbt 
line reaching from Satnrn to the further aide of the orbit of the Earth. 
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inlCTvml the phiw of the lio^ if cucnded &r 

pMB dmngk tlw Eardi (a» the finale sbow*) 

dinction of tlw itn^t ttae jotiung dw mtRs of i 

•od S«tani might lie in it. This woold be the csaae, fiir ia^^ 

ftftnce, if Uw Earth wen «t b, uid Sstoni st the 

•t c ; or if the Euth were «t e, and 8«tnni mt l> ; or if the 

Eaith were hi >ot intennedtate posttioa at B^ and Satom at 

the aame time at f. 

It is, moreorer. evident that the time in which Samm [ms»«s 
throogh this critical porttoa of its path, from c to i>, is retr 
oearlr eqnal to that in which it tiarela through a distance ajnal to 
the diameter of the Earth's orbit ( i>.. throogh aboot I S6,000,UUO 
miles), since CD is, except for the corvatare of the path, eqnal 
to E|»ei. It may be veiy easilr calculated that this time is 
rather more than a year. 

It is also an important tact, as a little fnrther coDsicIeratioii 
wilt show, that it is only daring eacb an interral that the Son 
aod the Earth can ever be on opposite aides of the pin tie of 
the rings. At all other times, whether it be the north side or 
the sooth side of that plane which is tnrned towards the San 
and is illnminated by it, that same side will be seen br the 
Earth. But if, for instance, the Earth were at e„ and $atQra 
at the same time at f in Fig. LXXXIV., the bright side of 
the rings, i.e., the side apon which the Snn would be shining, 
wonld be turned away from the Earth. Or, to take another 
example, let ns snppose Satarn to have passed somewhat 
beyond a in the same fignre, and the Earth to be approaching 
E. The Earth and the Sod wonld l>e both upon the same side of 
the rings, and we should see their bright side. But the Earth 
might Booa afterwards have nearly overtaken their plane, and 
be about to pass through it. The shorter diameter of the 
rings would then become oarrower and narrower, until at last 
they would be seen as an extremely fine straight line. Then, 
directly after the actual passage of the Earth through their 
plane, their dark side would bi' turned towards us, and they 
would become invisible. Aud this state of things, as wu shall 
pa'sently show, may sometimes last for several coosecntive 
mouths, until the plane of the rings again passes, either throngb 
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the Sim or the Earth, so that both are niion oue and the 
same side of them again. 

The explanation of the variations in the aaccession and in the 
nnmber of the disappearances of the rings, which may at such 
times oocnr, is very instrnctive. And, if given in a somewliat 
rough and approximate form, it need not involve any mathe- 
matical calcniations. We therefore hope that onr readers will 
endeavour to follow it by the aid of Fig. LXXXV., in which 
EjEjEbE,, etc., represents the Earth's orbit round the Sun. 

Now we have already seen that, as Satnm revolves in his 
much larger orbit (a small portion only of which is drawn). 
the intersection of the plane of its rings with that of the 
Earth's orbit will sweep across the latter, at intervals of rather 
less than fifteen years, like an enormously long straight line, 
moving always parallel to itself. It will bo pass in the direc- 
tion indicated by the arrows in the diagram, while Saturn is 
moving from c to d ; and in the opposite direction while Satnm 
is in a portion of its orbit which may be supposed to be drawn 
at an equal distance on the left of that of the Earth, although 
for convenience it is omitted in the figure. The time wbich 
Saturn takes to go from c to i» (or through the corresponding 
and opposite portion of its path) is about thirteen mouths. 
During this time the Earth travels rather more than once 
round its own orbit in the direction shown by the arrows. We 
must also remember that, when the line iu question sweeps 
across the Earth, or, in other wordu, when the Earth ])asses 
through it, we see the rings ee/ffewiae, and the Earth also 
passes from one side of their plane to the other. And when 
the line of which we are speaking sweeps across the Sun, tlie 
San shines edgertiae ujion the rings, atler which it begins to 
illuminate the opposite side of them to that upon which it 
was previously shining. Moreover, whether their plane paaa 
through the Sun or through the Earth, they are, in either ease, 
apparently redaced for a while to the finest conceivable line of 
light, which may even be so fine as to be invisible. 

We may investigate all possible varieties that can occur in 
the succession of such phenomena by supposing the Earth to 
occupy various different jiositious in its orbit, in Fig. LXXXV., 
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^H at the time when, as is there sbown, the iatersection of the plane 
^H oi' the rings be-jins gradually to move across the circle e,Bi, etc 
^H For instance, let us first of all suppose the Karth to be in aoch 
^H a position as e, when Satnrn is at c. By abont the time that 
^H the Earth has reached Ej Satnrn will be at Sj, and the Earth 
^^ will pass through the plane of ihe rings, so that they will dis- 
appear. And not only so, but the Earth will now be upon the 
opposite side of them to the Sun, and will therefore look at 

^K Saturn haviug reached Sj, the Earth will have advanced to 
^^H such a position as f.,, where it will cross their plaue again, so i 

^H RH to SP.1 their bright sidp once more. But vert' 8->ou after thi". ' 
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atnrn haviug reached m,, their plane will pass through th 
nn, and the Sun will immediately afterwards be on the oppo 
te side of the rioga to the Earth, the Earth haviug in th 
leanwhile sped ou to such a position as Ej. They will conae 
uently not only disappear for the moment as their plane passe 
irongh the San, but they will once more remain incUibU fo 

while, because their dark side will be again turned towards th 
arth. At some date before the completion of a year from th 
egiuning of the time which we have been considering, Satnr 
aviog reached Sj, the Earth (when in snch a position as Eg) wii 
ass through the plane of the rings again, and having now 
ttained the same side of them as the Sun, will see their brigh 
urface once more. 

In the above case, during the period consiileri-d, it is eviden 
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that the Earth would go through the plaue of the riugs three 
times, while that plane would also pass once through the Sun. 
There wonld be two disapltearaucea of the rings, aud two re- 
a|)pearances, with intervals of invisibilitj' between. Snch a 
series of events actually occurred in the few months succeeding 
November 1861. 

But, if the Earth should happen to be in such a position as 
E„, when Satnra arrives at c, tlieu in half a year's time it would 
be at E;, while the plane of the rings would have nearly reached 
the Sun, Saturn now being somewhere near to s,,. Very soon 
their plane would pass through the Siiu ; aud they would not 
only momentarily disappear, but, the Sun and the Earth being 
now upon opposite sides of them, the Earth would look at their 
dark side, and they would coutiutie for a while invisible. The 
Earth, however, would evidently soon afterwards pass through 
their plane, and they would then reappear, because it would 
once more see tbeir bright side. In a year's time the Earth 
wonld get to e^ again ; and. in about another month, Saturn 
having reached t>, the plane of the rings would have passed 
beyond the Earth's orbit, and no more passages, either of the 
Earth through the plane, or of the plane through the 8nn, 
would occur for 14, or 15, years to come. 

In such a case as this last, the Earth would only go once 
through the plane of the rings ; that plane of course, as before, 
also passing once through the Sun. There would be only one 
disap))earance and one reappearance. Such a passage of the 
plane of the rings through the San took place on February 0th, 
1S78, and of the Earth through their plane on March Ist of the 
same year. But the phenomena in question could not then be 
watched, because the Earth aud Saturn were nearly in the 
same straight line upon opposite sides of the Sun at those dates ; 
or in other words Saturn was so near to Conjunction with the 
Sun, that it was impossihle to look at it in the glare of the Solar 
light. In 1S91, the next epoch of a disappearance, the same 
hindrance will unfortunately again obstruct our view. But in 
1907, a somewhat similar course of events to that of 1861 and 
1862 will take place, so that two disappearances ami tn-o re- 
appearances will occur. This will be the nest occasion upon 
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which it will be possible satisfactorily to observe the disap^ 
pearaoce of the ring. 

Certain further complications might arise in exceptiooal 
cases ; as, for instance, if the plane of the rings should pase, or 
very nearly pa^is, through the Earth ami the Sun at the same 
momeut; but such instances are ao rare that we need not 
ilisciiss them. 

It will, however, be a very useful exercise for the reader to 
work out wliat will happen if he suppose the Earth to start 
fi-om various positions in the circle of its orbit, at the instant I 
when Saturn jtasses through <: We hope that the two cases 
which we have discnssed may suffice to show how any others 
may be treated, and how simple the explanation of so appa^ 
rently complicated a series of phenomena really is. 

Those who desire fiiller information may consult Mr, Proctor'a 
well-known work upon Saturn, in which he enters somewhat 
more elaborately into calculations than in many of his more 
recent astronomical treatises. He has there exhaustively dis- 
cussed the whole qnestion. 

For a complete historical account of the successive diseocerie* 
of the rings, of their divisions and many interesting peculiar- 
ities, we refer our readers to Grant's " History of Physiod 
Astronomy." We will only mention here a few of the prin- 
cipal episodes in the story. It is well known that Galileo 11 
Galilei wrote to Kepler in the year 1810, announcing a 
discovery connected with tlie planet Saturn in the form of a 
logogriphe, as follows : — 

" HmaiEDirmilmepoetaleumibunenugttaoiraa/' 
which Kepler supposed to refer to Mars, and to be intended to 
represent the words : — 

" Sulve umbistineum geminatum Martia prol«e I " 
"Hail, twin compaiiionBhip, children of Mars 1" 
In fact, Kepler imagined that Galileo had discovered two 
satellites of Mars. But the real meaning intended wag : — 
■■ Altisaimum pknetam tergeminum obserraTi." 
I have observed the moat distant of the planeta to have a triple f<>nn." • 

See the " Sideieal MeKaenger of Galileo Oalilei," traiuUt«d hj Rm, 
E. S. Carlos, pp. 88 and Wl. 
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Tht8 proves that Gl&lileo had actaally detected the ring, 
although in his telescope it appeared like two satellitea or 
companious, one upon either side of Saturn. But in the year 
1G12, when he looked at the planet, he no longer eaw them ; 
and it is said that he vowed that he would never look for theiu 
again, for fear that he might find out that there had been 
something wrong with his instrument. 

Our readers will find in Newcomb's " Popular Astronomy " 
Home interesting copies of ancient drawings from the Syslemu 
Saturnium of Huyghens, which show how the older observers 
were puzzled by tlie above-mentioned triple appearance of the 
planet, which seemed to them (as they said) sometimes as if it 
had arras or ears, and sometimes as if there were handles, or 
children, attached to it upon either side ; while at other times 
they saw it without any such additions, as though, according 
to their r^uaint de8crii)tion, Saturn had devoured his offspring. 

It was not until 1054 that Huyghens solved the riddle at a 
time when the rings disappeared ; upon which he published bis 
well-known logogriphe : — 
■' aaoaaaa ccccc A eeeee g h iiiiiii 1111 mm nnnnnnnim oooo pp q rr s ttttt 



from which the following sentence may be formed : — 

" Annulo ciiigitur, t«iitit, pUno, DUBqaam cohaerente, od eclipticam 
inclinato ; " 

or, in other words, " The planet is surronnded by a slender flat 
ring, everywhere distinct from its surface, and inclined to the 
ecliptic."* 

In 1676, Cassini perceived that the ring apparently con- 
sisted of two concentric rings-f And somewhat more than a 

• See Grant's "Hiatory of ABtrottomj," p. ibl. 

t In Admiral Smyth's " Celestiitl Cycle," vol. i., p. b\. it is stated that 
" Mr. William Ball Hud his brother, Dr. Ball, of Minehead. in Devonshire, 

tirst uiw Satum'i ring double." It «eenia, however, that Kitchener, in hia 
work upon Telescopes published in 1818 (which oondndea with the qnaint 
remark that, if any one thinks the book has not a page in it worth a far- 
thing, he should remember that less than a farthing was paid for it, as the 
whole 470 pages were offered for nine shillings) was the first to attribute 
the discovery to the Messrs. Ball. But an examination of the * 
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centnry later, Sir W. Ht-rscliel. after more than ten vend 
of careful observation, was convinced that, wliether viewed' 
from the one side or from the other, the division between thf 
two rings was seen exactly in the same position ; and that it 
«^is a real break through which the dark background of the 
heavens was visible, and not Bimply a diisky shading ui>on the 
ring-Bnrface. The two rings, thus divided from one another, 
are those which, aa we have already mentioned, are uow 
generally named a and b ; the outer being a, the inner b. 

Bnt in the year 1850 a wonderful extension of the system 
was discovered, inasmuch as Professor Bond, of the Canibridgi' 
Obsen-atory, U.S., and Messrs. Dawes and Lassell, in England, 
detected a tMrd ring, closer to the planet than the other two. 
and of a moat remarkable character. It is that which \» 
now called the ring f ; its chief peculiarity being, that it has a 
dnaky and obscure, although trans]iarent, appearance, ahui.>st 
like that of gauze or crape, and such that the body of the 
planet can be seen through a considerable portioD of it. Some 
time after its discoveni' in 1850, it was found that it had been 
noticed, so early as in 1838, to resemble a shadow where it 

their observation, which in to be found in vol. i. of the " Philosophical 
Transactions," does not confirm their right to the credit of the discorerj. 
They only noticed an apparent depreBsion. or deformation, in the portiMH 
of the anssa which appeared joined to the planet, which possibly saggesMd 
the idea that the two anss might be two independent append^ee ; bol| 
they saw no divirion in the breadth of the ring, ihe first indicatiun <rf| 
which is due to Cassini, whose drawing clearly indicates a shading in lb* 
ring where aubaequent observations have concluuvely prored that tbr 
principal division euste. We must therefore assign the discovery of the 
duplicity of the ting to Cassini. At the same time, we haT« no wish u> 
detract from the reputiition of Wiilium Ball as a skilful obserrer 
Huvghens reftrs to his observations »ome years before the above dat< 
{having beard of them from Dr. 'Wallis) as confinning his own. id eti 
dence of tbe appearance of a dark line seeu across the planet at c«rtaie 
times (viz., when the rings are viewed edgewise), which proved the tmI 
form of the appendage, which had !ieemod so enigmatical, to be that of ■ 
wide and fiat, but ver}' thin, concentric ring surrounding the pianei 
Minehead (or. as it is in the "Philosophical Transactions.' "Munfac^d") 
is doubtless a misprint for Mamhend. n village a few milee aouth-wvBI el 
Exeiei'. 
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crossed the planet, by Dr. Galle of Berlin, who theu published 
his observations and measuremeats, although he failed to 
detect its real character.' We hope that many importaat 
observations of it may be made during the next few years. 

It may easily be understood that, it is when the rings 
ap])ear to be opened out to their widest (aa will be the case in 
1885), or near to such ejKwha, that the best opportunities are 
obtained for the observation of their varions divisions and their 
comparative brightness, or for the study of their individual 
peculiarities of surface and condition. And in this connection 
it may be well to mention that in 1885 Saturn will have a 
large northern declination, which will raise it esjiecially high 
above the horiKon in latitudes such as our own ; while in 
October of that same year it will pass through its Perihelion, 
or nearest approach to the Suu, two months after which it will 
be in Opposition to the Sun. From the joint effect of all these 
causes, it will consequently be uausually well situated for our 
observation. 

It was under somewhat similar circumstances tliat Mr. De 
La Rue's drawing (see Fig. LXXXIL, p. 358) was made. Oar 
readers may therefore be glad to refer to it once more, aud to 
notice in it several very interesting features of the ring-system, 
in addition to those hitherto mentioned, which have also been 
confirmed by various other eminent observers. For instance, 
the outer edge of the ring b, is decidedly the brightest part of 
all. There is also shown a distinct, but very delicate, division 
in the middle of the width of the ring a, which at times may 
be detected all round it. Indeed, we may remark that occasion- 
ally, iu the portions seen furthest from the planet, or as it 
is technically expressed, near to the extremities of the anste, 
not only is a certain amount of shading often risible upon the 
ring-surface, as in the figure, but indications are seen of nume- 
rous divisions, so that it is imitossible to decide into how many 



» The Bev, T. W. "Webb aIbo mentions (■' Celestial Objects," *th 
Edition, p. 179) thnt nii old awiiitiut in the Observntory at Bome 
informed the Utti Fiithcr Secchi, that it had beeu noticed even so eulj 
as in 1B48, although no further attentioti was pud to it. 
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rings, coucentric, or nearly coiiceDtric, with one another, the 
whole may be divided. 

When the rings appear widely opened-out, important olwer- 
vatious may also be made of the shadow of the planet npoa 
them. For instance, in a drawing by Mr. L, Trouvelot, in the 
year 1874, a copy of which is shown in Plate IX., as also in 
several published by the Messrs. Bond in Part I. of the beanti- 
fal and costly second volume of the "Annals of the Harvard 
Oollege Observatory," various irregularities in the contour of 
the shadow are noticeable. These probably indicate difTerences 
of level in the surface of the riugs, which thus distort the 
outline where it crosses them. In Plate IX. the edge of the 
shadow is certainly moat remarkably notched as it passes &aai, 
the ring A to the ring B. In some of the Harvard drswinga 
certain amount of shadow is also shown upon the oppositt 
side of the ball to that uik>d which the principal shadow ■ 
seen, the cause of which extraordinary phenomenon we BH 
^uite unable to explain. All such peculiarities are, bowenq 
very important in relation to the physical condition of fchl 
rings, and the possible existence of an atmosphere beloDgim^ 
to them or to the plauet, which may by its refraction prodm 
such effects. Moreover, near to the ansaj certain remarkabb 
irregularities, which are indicated by a series of small uotcheA 
in Mr. Trouvelot's drawing (see Plate IX.), have been &tHa 
time to time observed in the inner edge of the ring a, tht 
occurrence of which is decidedly puzzling. 

In addition to the shadow of the planet upou the rings, that 
of the rings upon the jilanet may be easily seen. Even when 
they altogether vanish from our view, it appears an a. narrow 
black line across the disc. At other times it may be mnch 
wider, but then it is often to a great degree concealed by the 
rings themselves ; while it is altogetiier hidden when they are 
opened out to their utmost extent So much as we can se^ 
therefore, in general appears as a narrow black line just above 
below the rings. 

Observations near to the time of tlie dtsappearauce of the 

rings, or when they appear to be extremely thin, are, however, 

interesting than those made when they are widely 
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ojiened-ont. Many such, by the Messrs. Bond in 1848, are 
recorded in the second volame of the " Annals of the Harvard 
College Observatory," to which we have already referred. It is 
there stated, that at such times some of the satellites of the 
plauL't, of which we shall have more to say presently, may 
occasionally he seen to he apparently threaded, like bea<ls oo 
a needle, on the fine line of light to which the rings are 
reduced, while carried backwards and forwanls along it by 
their orbital motions, which are nearly in the same plane 
with it. 

It in believed that in this way an important proof may be 




obtained of the extreme thinness of the rings. It is said that 
even so small a satellite as the 7th, whose probable diameter 
is considerably less than 1,000 miles, has been sceo, when thos 
situated, to extend npou either side beyond the thickness of 
the line of light of the rings. Other reasons also indicate that 
the thickness at any rate of the rings a and b, does not exceed 
at the most 100, or perhaps 200 miles, and may verj' possibly 
fall short of 50 miles. 

At the times to which we have just referred, there is, how- 
ever, an appearance of a greater thickness in the ring-syatem 
for about one-third of the distance to which their light extends 
npon each side of the fiisc. Thos far a fainter hazy light of 
somewhat greater breadth is seen, and was at one time 
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thonght to indicate the existence of some Vind of atmosphere 
over that portioa of the rings. It is, however, more iirobably 
prodnced by the dusky or crape-like ring, c ; which, if ao, may 
be considerably thicker than a and b. Tiiis is well shown — see 
Fig, LXXXVI. — in a drawing by Mr, A^'ray, dated December 
26th, 1861, in which two of the satellites are also visible, 
apparently resting npon the line of the oater rings. 

It ia generally found that the above-meutioned fine line of 
light, before it altogether disappears, breaks np into several 
more or leas isolated portions. An ingenious suggeatiou has 
been made by the Messrs. Bond," that this may be simply the 
result of an optical effect pi^oduceil by the inner and outer 
'res of the various rings being seen nearly edgewise, so that 
their light is united in certain parts, where it is conseqaeotly 
strong enough to be visible ; while iu other parts, where the 
bright edge of only one ia turned towards an observer, the 
amount of light is too small to be perceived. 

There ai-e also some other classes of observations of great 
importance which may he made at such times. For instance, 
the line of light upon one side of the planet becomes some- 
times so tine as to be invisible in telescopes of moderat« 
power some days before this is the case upon the opposite 
side. This, of course, goes against the supposition of a rotation 
of the rings round Saturn ; tor, if they so revolved, we should 
expect that the more noticeable, or thicker, portion would go 
regularly round from one side to the other of the disc. It bai» 
no doubt been thought that certain observations of the vanish- 
ing rings by Sir W. Herscbel, and by one or two other observers, 
have given indications of such a rotation, at least in one of 
them. We consider, however, and we shall presently endeavour 
to prove, that any such movement of any ring as a whole must 
have been apparent rather than real. 

Very careful measurements indicate that the centre of the 
planet is not jilaced quite in the centre of the rings. If thia 
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* A copy of tbc origiaal diagram by which it was illiistnt«d in voL iL 
of the "Anaals of the Hervord College Observitorj " may b« ■ecu in 
Chamben' ''Handbook of DoscriptiTs Astronomy,'' and in QoiUcmiii^ 

The Heavens." 
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be 80, aay ring revolving ronnd it somewhat eccentrically, 
would about every five hours alternately ahow a rather greater 
extension first on one side and then on the other. This, how- 
ever, is not seen to be the case. Indeed, we do not think 
that it can be said that tbei'e is any certain and satisfactory 
evidence from obsereatioii of the rotation either of any one 
ring, or of a nnmber of separate and concentric rings, each 
iiaviug its own independent period. 

One thing we may very positively affirm, viz., — that the 
rings cannot possibly rotate as a whole with any one and the 
same velocity. It will be remembered that Kepler's third 
law (see Lecture V., page 122) requires that a certain relation 
should exist between the distance and the speed of one body 
revolving round another in free space. Consequently the 
speed whicli would suit the jiosition of the inner portion of the 
rings would be far too rapid for their outer parts ; while that 
wliich would suit the ontcr parts would be far too slow for the 
inner i>ortion. Such is the width of the rings, and so great the 
difff reuce in the necessary speeds, that it is certain that any 
solid matter of which we can conceive would utterly break up, 
if, being composed of it, they were for a moment to be set 
rotating with one and the same speed throughout. At the 
inside of the ring B, the necessary velocity of rotation would be 
such as would carry a point round in somewhat over 7 hours ; 
at the outside of the ring a, the rotation-period would need to 
be Itetweeu 13 and 14. If a large grindstone when very rapidly 
revolved explodes with a terrific crash, surely the rings oi 
^tum, if solid, would in like manner be destroyed. 

Bnt it maybe asked: — Would not the supposition previously 
referred to, viz., that the rings are split up into many narrow 
ones, each of which rotates in its own independent period, get 
over this difiicnlty ? Unfortunately it would not ; because it 
can be shown by the very refined investigations of the late 
Professors James Clerk Maxwell in England, and B, Pierce in 
America, that no such system could remain in stable equi- 
librium. Even if the rotations of its parts so acted, in con- 
junction with tlieir mutual attractions and with the attraction 
of Saturn itself upon them, as for a moment to produce a 
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balance of effect and a resnltiiig equilibrium, tbe slight«dt 
distnrbaacc would very soou briug about a general catastrophe. 
AVe cannot attempt to explain the niochanical and mathe- 
matical considerations involved in this statement. Our readers 
may, however, easily understand tliat the satellites of the 
pluiet, or the other planets of the Solar System, would hy 
their attractions inevitably generate such disturbances. They 
may also be able to appreciate tbe extreme inherent weakness 
which would be involved in the construction of any body of so 
great a diameter as that of the riugs, and of so excessive a 
thinness {lerpendicalar to the plaue of their extension. If 
their thickness be supposed to equal 100 miles, it would, in 
comparison with their diameter and their density, be only as 
though an arch of a hundred yards' span were cat out of a 
large sheet of some material of much less rigidity than iron, 
and only two inches in tliickness. If such an arch were set np 
it certainly could not be expected to keep its shape. No more, 
therefore, conld snch a riug, balanced in space, support the 
attractions which those of Saturn undergo. 

Nor is it in the least degree probable that the rings can be 
fluid ; for, if so, it might also be shown that various external 
attractions would soon set up such waves in them aa would 
continuously grow in intensity until their ruin would follow. 

It seems, therefore, that by far the most reasonable hyp<v 
thesis is, that the rings are comi>osed of mtfriads upon aofriada 
of small satellites, each revolving in its own independent orbit; 
but 80 thickly aggregated together as to produce the appearauoe 
of a continuous surface, with the exception that they are mOK 
scantily distributed where we see gaps, or divisions, iu the 
system. This supposition also requires that they must be 
most thickly groupei.1 in the neighbourhood of the inner edge of 
B, where the brightest ai)i>earance is found. And here we taav 
state that it has been noticed by Professor Daniel Kirkwood,^ of 
Bloomington, Indiana, U.S., that the attraction of rome of the 
satellites of Saturn would produce comparatively vacant regions 

* See also Lectore XI., page 289, as to the ponible influenc« of Jnpitcr 
in pn>ducing Home of tbe gapB whicb ore met with in the region of Uv 
minor planela. 
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in a riDg-system, thus coDBtitnted, jaet where they actually 
exist. 

The explanation of the peculiar appearance of the Jnsky, or 
crape-like ring, c, apon the above hypothesis is, that it is com- 
posed of a collection of satellites mach denser than in the 
divisions between the rings, bnt not dense enough to give the 
same bright appearance as in the other rings, a and b. It is also 
worthy of special notice, that there is some snspicion that this 
dusky ring, which at present reaches about half-way from the 
inner edge of b towards the planet, is becoming brighter than it 
was, and that its inner edge is also approaching the ball. If so, 
this is an intensely interesting fact It would suggest that the 
orbits of some of these myriad satellites may be gradually con- 
tracting, — in other words, that a slow process may really be going 
on, by the continoance of which the rings wonid finally descend 
on to Saturn, and its chief beauty in the telescope be lost. 

The principal dimensions of the rings are nearly as in the 
following table, with regard to which, however, it should be 
mentioned, that the beat measurements do not exactly agree, 
and that we have only stated such approximate numbers as 
may most easily hi' remembered : — 

Outer diameter of ring A about IGG.OOO miles. 



Inner „ „ a 


146,000 


Onter „ „ B 


143,000 


Inner „ „ u 


110.000 


Interval between a and ii 


1,700 


Dixtance from the Eurf&oe 




of the ball to the inner 




edge of H 


18,000 


Equatoreal diameter of 




the ball 


74,000 



Although there seems to be very little, if any, reason lor 
supposing that either the planet or the rings can be inhabited, 
it may be an useful and interesting geometrical exercise, and 
one which may help us to realize the actual relations existing 
between it and the rings, if we briefly consider what would be 
the experience of an observer uimn either. 

First one side and then the other of the rings being turned 
towards the Sun for nearly fifteen years, a resident upon them 
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for 14j of our years, and be dej»rived of its lij 
long night. His long nig-ht of 14J years w 
partly compensated by the light that would 1 
the gloriouH globe of Saturij itself, wliieh, odQ 
tion of the observer roaad it, won! d go throoghl 
corresponding to those which our Moon pm 
month. Except, however, to any one sitnl 
within, the inner edge of the rings, onlr ona 
phase wonld probably be viaible, tlie other h« 
by the flat expanse of the rings. 

If the planet were in its full phase it would ]K 
from the inner edge of the ring b, a circoUr 
would be eqnal t« abont a5,6lX) times that oj 
and which wonld conaequently afford, by thi 
snnlight of ahoat ninety times less intensity, 
equal to aboat 280 times that which we 
foil disc. But from a point on the rings i 
I)lauet'8 globe, only one-half of a smaller ara 
Nevertheless, even from the ontside edge ol 
semi-circular disc would still appear to haw 
times, an area fully OjOflO times, and a light 
as great as that of our Full Moon. Upon on( 
the shadow of the rings woidd lie, at times i 
wide zone, while bright and dark belts, and 
features of the surface, would doubtless ahono 

Eclipses of the Sun woulil be verj- frvooei 
an observer on the rings, owing to the hug( 
globe of Satnrn. There would, in fact, as a m 
course of each rotation, performed by tlie por 
upon which he might he situated, around the j 
Tlie form of the shadow would, however, %-ary ' 
of the Satnrnian year, which would affect the o 
duration, of the eclipses. At an equinox it wc 
by two straight lines, and be throughout of th 
the planet, 13ut as Saturn moved on towarclaju 
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that of the elongated projectiles whidi am nsiially fired from 
B large piece of modern artillery. For a certain time (viz., for 
about 1 j years before, and U years after, a solstice) it would 
tall short of the outer boundary of the rings, just as, for a 
similar period, the rings, if seen from the San, would entirely 
surround the planet. At such a time, therefore, an observer 
upon the outer part of the ring-system would escape the Solat 
eclipses, while they would be of short duration for one only 
slightlj' overlapped by the range of the shadow. Bat at aa 
equinox the eclipses would be of a maximum dnratiou, the 
length of which, if we suppose our olisen-er to go round the 
planet upon one of the myriad satellites which probably form 
the rings, may be easily calculated. It would, in fact, bear 
the same ratio to the whole period of his rotation (which would 
be between seven and fourteen hours) as the width of the 
shadow, which would then equal the diameter of Saturn'i I 
globe, would bear to the whole circumference of the orbit 
described by the observer round the planet. 

On the other hand, at the time of an equinox, the nightly 
rising of the shadow ujion the eastern part of the rings, as seen 
by an observer on the planet near to its equator, woidd almost 
coincide with the setting of the 8iin in the west ; and it would 
then sweep rapidly across them antil, at midnight, by far the 
greater part of the rings would be hidden in its shade. At 
places in higher latitudes the shadow would not rise so soon, 
l)nt at midnight it would probably overlie the whole of that 
portion of the rings which would otherwise be seen. It wonld 
of course pass away in the reverse direction before sunrise. 

At midnight, in any latitude where it could be seen, the 
shadow of the planet would be always symmetrically placed in 
the centre of the visible portion of the rings. 

Near to the time of the Summer Solstice, when the nights 
would be shortest, a large portion of the rings would be in 
shade, even before the setting of the Sun, as seen from places 
considerably removed from the eijuator." 

♦ The nbove statcmeiita are more fully explained, and are illustrated 
by an elaborate series of diagraniH, in Mr. Proctor's " Saturn spd its 
Bystem," to whose valuable work upon the planet we are deeply indebted 
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As Been irom the planet, the position and appearance of the i 
Rintfs would greatly vary, both with the aeasou of the year am) 
with the locality of the observer. Since they lie in the plane 
of the planet's equator, they woald only show their bright side* 
to a resident upon Satnrn during the iuterv'al hetween n spiil^ 
and an autumn etininox of the hemisphere upon which he might 
be; which interval woald, however, last for about 14 j eooseco- 
tive years. Nor would they at any time appear fj ■ be of nnifiniD 
breadth, for it is evident that, owing to k^turn's great dtftOMter 
and their nearness, the portion furthest from the borizoQ VfloU 
be much the closest to an observer, and would, thereforBf-^^ 
pear to be so much the broadest. Moreover, they would mit 
to meet the horizon in points nearer to the east and west thu 
would be the case with a circle of the eelestial sphere described 
round the pole of the heavens visible to the observer, aad dmra 
through their highest point above the horizon ; t.*-., etich a uitde 
as the Sun, or a star, if it passed through that {wint when oa 
the meridian, would describe in its daily course across the akj. 
It also follows that the arch formed by them would in general 
appear to be, not of a circular, but of an elliptical shape. At 
the ei^uator only would it be a vertiad arch ol' small width, but 
very considerably wider overhead than on the horizon; in which 
special case, although its outer boundaries would seem to be 
somewhat elliptical, its central section would appear to be 
circular. 

That the above statements are a necessary result of the 
relative positions of the planet and of the rings, may be ander* 
stood by a few moments' careful thought; or they may be 
illustrated by actually making a rough model of Satnm with 
a ball, or globe, and a ring ; but in onler to demonstrate them 
folly mathematical calculations would he necessary, into 
which we cannot eut«r here. The diagram in Fig. LXXXVII. 
may, however, to some extent illustrate the appearance which 
the rings would present, as seen from a place upon the planet, 
having a North LatitUfle of about 3(f . 

It shows, in accordance with our statements, that both the 
outer (and narrower) ring A and the inner ring b (which would 
apiMirently lie one above the other upon the sky), one-half of 
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the visible portions of which are respectively marked xabs, 
and BirR, wonid seem to be wider upon the meridian from 
« to i, and i to r, than upon the horizon from a to b, and b to 
It respectively ; and that a circle drawn round the pole and 
passing on the horizon through a, the outer edge of the outer 
ring, would cross the zenith at s>, i.e., above a, tlie correspond- 
ing point of the ring. While it is in like manner evident that 
a similar circimipolar circle through a, although not drawn in 
the figure, would meet the horizon to the south of a. 
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FiH. LXJCXVIL— Bnmni'« ring., h Kea from Iha Planut, uil Ikwir oBect in pralaoinB 
ecIijiBMQftlieBuii. 

This being the case, we may understand how erroneous are 
ome of the statements that have occasionally been made with 
egard to the effects which the shadow of the rings would pro- 
uce upon the half of the planet towards which their dark 
ide would periodically be turned. It has even been said, that 
t would prevent the inhabitants of that hemisphere, for th« 
noBt part, from seeing the Snn for nearly 1 5 years at a time 

We recommend those who wish to study this matter fiilly ta 
onsult the very instructive volume by Mr. Proctor, to which 
e have already referred. It must, however, be confessed tha 





the explaoation of it which he WPfi 
highest excellence, is, from the nature 
means a very easy one to follow. Perhiq 
methods there shown, by which it may Ix 
series of diagrams representing for diffl 
planet's year the size and position of 
Then it is not very difficult to calcnlate i 
by day, the rotation of Satnru upon i 
place ; — it may be, into the shadow in E 
at noon, and into it again in the aftemoa 
day long; — or into it a certain time befoi 
at an eqnal interval afler noon. 

But the reader may, if he choose, empl 
procedure, and imagine himself to be n] 
the rings in a great arch of wondrous heal 
might be in such a northern latitude and 
Saturn's year, that this arch would start i 
the point at which the Sun woold rise, ai 
horizon some ilistance to the north of tha 
ma}- suppose the Sun to rise at such a 
between A and R in Fig. LXXXVII. 1 
rings being broader as it ascends, its laa 
tend to keep the Sun's path in it. Oo 1 
the central part of the arch, owing to the 
its comparative nearness, woald (as we 
to be drawn down towards the borizd 
meridian below the position of a circle d 
through the jioint of sunrise, the Snn 
from this cause tend to rise above it. 

Whether the Sun would actually sucu 
thna htwimtn viaible in the middle ot UtA t 
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Or it might be that the Sua would rise uneclipaed at a poiut 
of the horizoD to the soiitli of the arch of the ring B, a.e at 
s, in Fig. LXXXVII., and 8et in a similar mauuer ; but, as 
the dotted Hue s^a' shows, during a certain interval before and 
after noon, be hidden by the arch. In this case there would 
be a mid-day ('clipBe, juBt as in that previously described there 
would hti one io the morning and evening. Similarly, if the 
Sun rose in an intermediate poaition well-immersed in the 
arch, it miglit undergo eclipse throughout the day. 

Such phenomena might continue to occur day after day for 
long consecutive periods. This may be proved, either by the 
method we have just described, or, a*M:ordiug to that tirat 
mentioned, by calculating the size and position of the shadow 
of tlie rings upon Saturn. It may be shown that the shadow 
would grow wider and wider upon the hemisphere on which it 
would fall, while tlie planet would journey in its orbit from an 
equino.x to a solstice ; and that it would, at the same time, 
gradually travel from the neighbourhood of the equator to- 
wards the polar regions, for a while leaving a considerable 
extent of surface nearer to the equator free from all eclipses. 
But, after the summer solstice of the hemisphere in question, 
the shadow would begin to travel back from the jiolar regions, 
while the eclipses, in moderately high latitudes, would be still 
continuing. 

For places situated upon the equator, the succession of 
eclipses would be different from that which would be expe- 
rienced elsewhere, as may be understood by a consideration of 
the appearance which, as stated upon p. 378, the rings would 
there present In such a locality it would be the thickness and 
not the breoflth of the rings that would conceal the Sun ; and 
Mr. Proctor liae calculated" that, at each equinox, if the 
thickness of the inner ring b be supposed to be 100 miles, 
the Sun would be eclipsed all the tlay long, during a period 
equal to about 0-6 of our days, or 22 Saturuian days ; both 
before and after which time there would be eclipses i» the 
middle of the day during a period equal to 20*35 of our days, 
or about 47 Saturnian days, 

* See ■' Satum und its Syntem." p. 181. and Table XI., p. Ii24. 
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woald, however, soou appear broader; but iiresently, when he 
might have reached sucli a latitude that a straight line from 
the inner edge of the riug c would touch the planet, that ring 
would graze his horizon. As he might joiiruej to etill higher 
latitudes, first the ring c, next the rmg b, and finally the riug 
A would altogether disappear from hia view. 

This is indicated in Fig. LXXXVIIL, in which it is shown 
that at c, in a latitude of rather less than 41', c, the inner 
edge of the dusky ring, would touch the horizon, vc ; while at 
6, in a latitude of about 51^^, b, tlie inner edge of the next 
ring, would in like manner only just he seen. At a, in a 
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latitude of about 6ii=, a, the inner edge of the outermost ring, 
would disappear ; and at r, in a latitude of not quite 06^°, the 
whole system, whose breadth is shown by kabc, woidd he 
below the horizon, nr, and conseqaently invisible ; as would 
also be the case at alt places nearer to either pole of the planet 
than r. 

It may therefore be some satisfaction to any unfortunate 
inhabitants, if such there he within the arctic circles of Saturn, 
which are situated at alwut S?"^ from its poles (or in a latitnde 
of 63-), that, except within some 8^^ of those circles, they hava 
nothing to do with the shadow of the rings. The small amount 
of sQulight left to them during their winter is therefore not 
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interfered with ; aiuce the shadows of the rings cannot ftll 
upon those latitudes in winter, from which their Inight aide 
would not be seen in aiimmer. 

It is, however, & much more important fact that, at even so 
moderate a latitude as 36° from the equator of Saturn, the 
eclipses caused by the rings, when once they commence, ooi»- 
tinue through the winter solstice without any [lause until ihrt' 
are done with, the shadow beginning to return again before its 
whole width has passed across that and any higher latitude 
And it is, we think, upon the whole, veri" clear that this 
discussion strongly contirms our previous opinion agaiufit the 
habitability of Saturn. Apart from many other ilil£cultii>9 
which the supposition would involve, it seems that, except in a 
comparatively very narrow zone of the et^uatoreal regions, the 
long duration of the eclipses caused by the rings wonid \k 
sufficient to prevent it, unless the inhabitants were periodically 
to migrate north and south, and in that way avoid the winter 
seasous. Fascinating as the ring-system is when seen in uor 
telescopes, we may be very thankful indeed that none such ii 
possessed by the Earth. It ap^tears to be replete with beaut)' to 
observers at a distance ; it wouU! iuevitahly be a very au- 
pleasant obscurer of the Sun upon the jilanet itself. 

We are then very glad that the Earth is a riogless planet. 
On the other band, however, we might be very well content if 
our Moon, the fair queen of our nocturnal skies, had oue or two 
companious, or even rivals in her domain. This is the casf 
with Saturn ; for of such larger satellites as circle roand it, 
outside the minute myriads which we believe to constitute ita 
rings, we know of eit/At. 

Vie do not in any wise projiose to discuss these Satellites 
with the same minuteness as those of Jupiter, Their much 
greater distance makes it impossible. Their eclipses, their 
mutual occultations and perturbations, would no doubt be vm- 
interesting if seen from the [ilanet ; but they are, if not alto- 
gether beyond our ken, certainly beyond the limits of tbia 
lecture. We must be glad if we can even get so moch as m 
glimpse of the smaller ones amongst tlie eight of whose ex- 
istence we are aware ; while it is very likely that others may 
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exist too Hiual) for na to see while some 750 milliouM of miles, 
or more, separate us from them. 

The gradual discovery of the eight yateliites of Saturn has 
undoubtedly been one of the greatest triumphs that have re- 
wanled the never-ceasing improvement of the telescope. The 
first was found by Huyghens in H3.55 ; four more by Casaini 
between lti71 and 1084 ; two by Sir W. Herschel in 1789 ; and 
the 8th, Hyperion, in 1848, by Messrs. Bond and Lassell, the 
former noticing it in America on September 16th as a small star, 
the latter in England on September 18th nuit« independently, 
bat both perceiving it to be asatellite on September IDth, 184f. 
The duplicate discoveiy in America and in England was perfectly 
independent. At that time, there was no Atlantic telegraph 
to flash the news of such a triumph across the ocean. 

Titan, the flret satellite detected, is much the largest, and is 
easily seen with a telescope of very moderate power ; but some 
of the lesser ones — such as Mimas, which is also the nearest to 
the plauet ; and Hyperion, which, although farther away, is 
perhaps the smallest of all — are exceedingly difficalt to observe 
e.\cept with the very largest telewcoiws. They may most easily 
be watched when the ring is nearly invisible, since its light 
does not then interfere with the observer's view. 

Any estimate of their size is i|uit« hypotbetica). It has, 
however, been conjectured that Hyperion is only about 80U 
miles iu diameter, and that the diameters of some of the 
others may perhajis measure 1,000 to 1,500 miles, while that 
of Titan may probably amount to 3,0<MI, or even to 4,000, miles, 

Their names, and the dates of their iliscovery, as also their 
periods of rotation round Saturn, and their distances from its 
centre, their primary, are approximately given below ; — 
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THE PLASET SATL'BN. 

It U especially worthy of notice, in the above table, that the 
jierioJ of Mimas is almost exactly one-half of that of Tethys; 
aud that of Epceladua almost exactly one-half of that of 
Dione. Professor D. Kirkwood has also points out (see The 
Obsertafory, vol. i., p. 109) that the sum of five (imea the 
mean motion of the let (or innermost) satellite, added to that 
of the 3rd, and to four times that of the 4th, appears to be 
exactly eyiial to ten times that of the 2nd, — & relation which may 
be compared with that discovered by Laplace in the case of the 
three innenuost of Jupiter's Moons (see Lecture XIII., ]>. 3:t4). 
It may also be interesting to notice that Mimas, the iivttn«t 
of all the eight 3atcllit«B, revolves at a distance of only about 
34,000 miles from the outer boundary of the rings; and that 
the above table shows, that the distances of the first four, or 
five, satellites are apparently arranged upon a different system 
from that of the others. There is a certain regularity in the 
increase of distance for the lirst four, but a moch larger iuterval 
between the 4th and 5th; while the gap between Hyiwrion 
and lapetns is again exceedingly wide in comparison with that 
between Hyperion and Titan. Certainly no such regularity i» 
apparent in the distances of these satellites as in those of tlie 
four moons of Jupiter, which it will be remembered are nearly 
as the numbers 6, 'J, 15, 27, in which series each successive 
increase is about double of the preceding.' 

* The following are the onlj Attempts with which we uri: acquaitiUNi to 
find niiy Heries at all i exembling Bode'e to-cftUed Lr w of PUnetary Distwioo, 
io the case of the dietanceH of the Saturniun ^alellitet. The fonn«r i* 
quoted from Mr. Proctor's '■ Saturn." p. ti.1 ; the latter from the EngliJt 
J/ecA.mic, vol. xxiii., p. 198. 

The distances of the suteliiteii from thu centre of the planet ore tipproxi- 
miitelj an the numbers — 
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We are almost tempted to wonder whether it can be that, from 
some cause related to that which originated the rings of the 
Saturuian system, seTeral satellitea were also formed in a some- 
what regular order of distance near to the onter bnuuilary of 
tlie riugs, while the same cause permitted others further away 
to be differently arranged. In any case, we cannot but be 
struck with the analogy of the position occupied in the Saturnian 
system by the largest satellite, Titan, and that of the planet 
Jupiter in the Solar System, As four planets, or perhaps five, 
or even more (if we ailniit the existence of one, or several, intra- 
iiiercurial planets), are found around the Snn, succeeded by a 
gap, in which only the minnte forms of the Minor Planets are 
seen, after which the huge globe of Jupiter appears, with other 
large planets located beyond its orbit at more irregular distances, 
— so there are five satellites round Saturn, and then a gap, 
after which we come to Titan, whieli may well be termed huge, 
and then again to oue so much smaller that we wonder whether 
it has any companions in the wide region between Titan and 
laiietus. Indeed, we are almost inclined to ask : — May there 
not, perhaps, be a multitude of little moons scattered through 
this vast and apparently vacant space, as there is of Minor 
Planets between Mars and Jupiter? 

We see, in each case, a great central aggregation of matter 
in the Snn or Saturn, then several smaller aggregations, and, 
at a certain distance, one much smaller than the central one, 
but much larger than all the others. We also find that the 
Minor Planets and Hyperion, the most minute of all, are re- 
8[>ectively found next to the largest, Jupiter and Titan. Can it 
be that there is some law, or some effective process, of which 
we are at present ignorant, connected with the coudeneation 
of a nebula into a central body with others revolving round it, 
whether it be inte a Sun and its planets, or into a planet and 
its moons, which would e:splain all this ? 

Thin as the ring-syatem is, it would when seen edgewise 
from places upon, or very near to, the planet's equator, almost 
always conceal the seven innermost satellites, since they re- 
volve in, or very nearly in, its plane. From other parts of 
Saturn they would never be hidden by the rings. But just as 
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we have shown, in Fig. LXXXVIIL, that it ia impossible to 
see the ringa from any place situated at more than a certain 
distance north or south of the planet's equator ; so it may be 
calcitlat«d that, in order to see Mimas, the nearest satellite, it 
woold be necessary to descend about 1 7^" from either pole ; 
and 13^°, and 10^°, res|>ectively, in order to see Enceladua and 
Tethye. 

The satellites would, of course, go through their various 
phases in a manner similar to our Moon, only much more rapidly. 
Wbeu in the phase of Full Moon they would also, at times, 
pass through the shadow of the planet, and be eclipsed. Indeed, 
for a considerable period on each side of an eqninox an eclipse 
of a full moon would be the rule, except in the case of lapetux, 
which, owing to its greater distance from Saturn, would almost 
always escape. But the eclipses would not continue to be so 
frequent during the whole of Saturn's year as iu the case of 
Jupiter's satellites, because the equator of Saturn, and the orbits 
of its moons, are so much more inclined to the plane of its path. 
As a solstice approaches it will be remembered that we have 
already stated, that the outer portion of the ringa e3Gai>e3 the 
shadow of the j>lanet, owing to the tilt of their path. Con- 
sequently the satellites, whose orbits are equally tilted, so that 
they would appear, as seen from the Sun, to describe curves 
similar to the outer boundary of the rings, only farther away 
from Saturn, would still more easily escape the shadow ; the 
outer almost invariably, the innermost for about two year* 
both before and after, as well as during, the time in which the 
shadow falls short of the more distant portion of the ring. 

We have explained (see Lecture IV., p. 91) that the Earth's 
Moon really looks ^,th wider iu diameter when seen in the 
zenith than when seen in the horizon ; and we have showa 
that a similar, but more striking, effect of the same kind takes 
place iu the case of those of Mars (see Lecture X., p. 2 j7). 
Those of Saturn, owing t« their proximity to the planet, would 
be so especially near to an observer when seen close to the 
zenith, that the alteration of their apparent size would be very 
important. The nearest, for instance, would look about twice 
as large in area, while even the thinl would appear half 
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large again, when seen in tlie zenith, as when eeen in the 
horizon. 

Nevertheless the total amount of light received from all. even 
under the most favourable circumfltances, would be very small. 
The Solar light which they reflect to Saturn, being of about 
^th of the intensity of that which we receive, it is not difficult, 
— if we assign a [wssible diameter of about 1 ,M00 miles for ea^h 
of the first two satellites; l,oOO miles for each of the two 
next; 2,000 miles for Tlhea ; 4,000 niiles for Titan: about 
3,tMjn miles for lapetns, and perhaps 800 for Hyperiou ; • — to 
calculate that the total light which they would reflect, even if 
it were possible for them all to be seen at the same time in 
their full [ihase, would not amount to ^ jth of that which we 
receive from the moon when full ; while the light of the outer 
ones would be exceedingly faint. For instance, with such a 
diameter as we have stated, Titan, at the distance belonging to 
its orbit, would only appear to have a disc of about j^jths of the 
area of that of our Moon, if seen in the zenith of an observer, 
and would therefore give about /s of uVrt^'i or only about 
J^th of its light. Tlie nearest, Mimas, might, in a similar 
pr)Hition, have an apparent disc about double that of our 
Moon, and give j jth of its light ; but, when seen upon the 
horizon, it would only give about n'oth. 

Another jioint which deserves attention is the remarkable 
smallness of the distances of the Satellites, in comparison with 
the size of Saturn itself Three of them are actually nearer 
to Saturn's centre than the Moon is to that of the Earth, and 
the furthest is only about ten times as far away. But Saturn's 
equatoreal diameter is more than nine times tliat of the Earth. 
The outermost is therefore proportionally at a not very different 
distance from that of our Moon, while the innermost is, com- 
paratively speaking, at such a distance as the Earth's Moon would 
have, if it were removed less than 13,000 miles, or about 3| 
radii of the Earth from its centre ; in which case, when over- 
head, it would only be lt,(HX) miles distant from us. The inner 
of the two satellites of Mars is no doubt proportionally nearer 
still, its distance being only about *J| radii of the planet. But, 
* See Mr. Prootor'H ■' Saturti," p. 184. 
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in comparison with the diaDieter of their primary, the nearest 
ofJui>iter'8 moons is nearly twice as far away as the nearest 
of Saturn's. 

From the nearest satellite, iSaturu'a disc woold present a 
mugniticent spectacle, its diameter subtending an angle of 
about 37''. Its disc would, therefore, Rjipear to be about 5,IXKl 
times as large as that of onr Moon, or nearly 4U(i times as large 
as that which thu Earth would present if seeo from the Moon. 
From the furthest satellite Saturn would appear of about 3^ 
times the width, and of about 13 times the area, of onr Moou. 
From the 6th its area would be more than 100 times, and from 
the 7th somewhat less than 80 times, that of the Moou. Il 
would be Been to pass through phases similar to those observed 
from the rings, except that instead of the one-half (scm; p. 378), 
which wonltl in general be seen from them, the whole of the 
illmiiinattd jihase would bo visible, a comparatively narrow 
zone of the planet being all that would be hidden by the ring- 
system. 

An observer upon the satellites would look at the rings 
nearly edgewise, and see them as a hue of light, " widest in ita 
middle jwrtion where it would be nearest to him, bat everv- 
where very narrow. At the times when Saturn's disc would 
be Been in its full phase, the full extent of the liue of rings 
upou each side would also be visible; at other times only a 
]iortion of their circumference corresiwnding to the extent of 
the planet's phase, although a faint tidditional eflect might b« 
produced by auy part which might rise above the geueral levsl 
of the rest. Were it not for the thinuess of the rings their 
appearance would be very beautiful, as they would, when viewed 
from the innermost satellite, exteud about half-way across tlie 
whole width of the heavens, the nearest portion of whicJi, if 
they be supposed to be lOlt miles in thickness, would be of 
abont Jrd of the apparent width of the Moon. 

It would not be profitable, nor can we atlbrd the ref)titiiit« 
space, to discuss the eclipses of the Snn by these satellites, as 

* The outt^rmost satellite, owing to the greater tilt of it« orbit lo tbat 

of Sntum, might occti«ioiial]y me a little moK of the flat lurfiioa of Ibc 
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|il we did in the ease of those of Jupiter. Of course such eclipses 



occur upou portioDS of the suriiice of the plauet from time to 
time, but the shadows of the satellites wbeu they are ia the 
phase of new moou will much more often than not miss its 
disc, owing to the considerable tilt of their orbits to the plane 
of Saturn's path. If such an eclipae is occnrring, sufficient 
telescopic [wwer ought no doubt to ehow the shadow to us, 
as a small dark spot, travelling across the disc, similar to those 
which we so often see njmn Jupiter. And it is very interesting 
to know that, in the case of Titan, this phenomeaou may 
occosioually, although rarely, be observed. It was once seen 




by Sir W. Herschel in 1789, by Graithuisen in 1833, in 
1863 by Dawes aud others, and agaiu on November 7th and 
December 0th, 1877. Also on Christmas Day, 1»77, by Lord 
Lindsay at Dun Kcht (see MonUibj Notices, Iloyal Astronomical 
Society, vol. xxxviii., p. 100), aud by the writer of this lecture, 
who maile a drawing at the time which agreed very closely 
with the more accurate observations taken at Dnu Echt." The 
transit of Deceml»er 0th, 1877,a8 seen with an »J in. Browning 
reflector, by Mr. J. Rand Capron, is shown in Fig. LXXXIX.f 

♦ It ia also worthy of mention that upon one oocaaion, vit., in 1G92, a 
•tar WM seen by CMuni to be occulted by Titan ; and that in 1802 Dnwes 
«iw an eclipse of Titan by it* inimeriion in shadow of Saturn. 

t This interesting sketch is extract«d. by the kind pennianon of the 
AjrtrODomer Royal, from The Observalnry, vol. L, p. 289, 
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lapetna, tlie fifth satellite in order of diacovery, but the 
furthest from Saturn, shows a considerahle variability in its 
light. This was especially remarked by J. V. Caasiai, who 
disbovercd it, and sabsequently by Sir Win. Herscbel,' auJ 
may be supposed to indicate an axial rotatioQ, or a variation in 
the reflective jiower of diiferent portions of its surface, similar 
to that which baa been snapected in the case of some of the 
satellites of Jnpiter. 

And here we must leave this most fascinating system. It 
is sad that we know so little of its beanties an<i its mysteries. 
We look forward, however, with the utmost interest and hope- 
fulness to the observations of the rings that may bo made 
during the next few years, while they will appear to be very 
widely opened out. Since they were last bo seen, telescopes of 
greatly improved power and jirecision have been constructed 
in the obser\'atone8 of Washington, Vienna, Ealing, and else- 
where. We know not how soon we may be startled by some 
surprising discoverj', some new revelation, which shall show as 
why Saturn is girdled with rings such as no other [ilauet 
possesses. We do not in the least anticipate the occorr^^nce 
of any violent catastrophe by which tlie rings will be suddeniy 
destroyed, but we may ere long be taught whether they are 
to be considered absolutely permanent, or whether they are 
undergoing some slow process of change, which, in course of 
time, may aggregate their constituent parts to form additional 
satellites of the planet, or gradually draw them down npon it, 
to add a slight increase to its bulk. 

The Saturnian system seems to be unique ; let us hope that 
its teaching with regard to itself, and the Solar System as a 
whole, may also, in course ot time, be auiijue In interest and 
instruction. 



LECTURE XV. 

THE PLANETS URANUS AND NEPTUNE. 

" When the planets. 
In evil mixture to disorder wander, 
What plagues, and what portents ! what mutiny I 
What raging of the sea ! shaking of earth ! 
Commotion in the winds ! frights, changes, horrors ! '* 

Troilujt and Cressida, 

We must now take another gigantic stride, more than twice 
as great as that which carried us from the orbit of Jnpiter to 
that of Saturn ; for our next step onwards, over the space that 
intervenes between those of Saturn and Uranus, measures 
almost exactly 900,000,000 miles. It brings us to a planet 
whose distance from the Earth is therefore always so enormous, 
that it is with difficulty that we can discover any points of 
interest connected with it. Nor are we surprised that until 
March 13th in the year 1781 its existence was altogether un- 
known ; or that, even then, when Sir W. Herschel unexpectedly 
detected it, he thought that what he saw was a distant comet 
moving amongst the stars visible in the field of view of his 
telescope. 

And here we may draw special attention to one very interest- 
ing and instructive fact involved in the history of the discovery 
of the planet Uranus, viz., that a certain peculiarity in its 
appearance indicated to the experienced eye of that great 
astronomer, within (as he himself has stated) a minute of his 
first seeing it, that it was no ordinary star. There was a 
haziness, and a comparative faintness about its light, which 
he at once noticed. This led him to apply a higher magni- 
fying power to his instrument, in order to see what effect 
would be thereby produced. Sir W. Herschel was well awarj 
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that such a higher power would not diminish 
of the image of a star, iu which all the Ii<^ 
as uearty as possible condensed hy the leoaea d 
to a point. He knew that, whatever magmfjing 
enijiloyed, the stars are so far distant that their 
no true diso capable of being enlarged ; while, oi 
tht! apparent disc of a xilanet, or of a comet, 
its npjiareut brightuess in a like degree decreai 
iucrease in the magnifying power used. When S 
tried the effect of a higher power upon the object 
his saspicioQ that it was not stellar was imi 
firmed. He therefore cootinned to watch it until 
that it had a jiroper motion of its own amongst 
hi' then announced his discovery to the scientil 
of a comet. 

But Dr. Maskelyne and other Eaglish aat 
Piesident de Sarou in France, and especially La 
uomer of Finlaad (who is celebrated for hia 
connected with a remarkable comet discovered 
who happened to be visiting England at ih 
discovery of Uranus), soon perceived that a neart; 
would probably best satisfy the observations of : 
was it long before an approximate value of thi 
orbit was calculated. It was also found to poese 
planetary disc. 

We need not recount the various discnssioiu I 
ua to the name to be given to this new br 
the planets, for which at first the unsuitable 
Georgium Sidua was proposed, in honour of Kinj 
It was also suggested that it should be named 
himself. Fioally, however, the more appropi 
Uranus, suggested by Bode, was chobon, in ai 
tlic system of mythological names alreadv lieli 
otiier planets; while the astronomical svmbo] 
adopted for it, the }>rincipal portion of which 
meniorates the initial of its discoverer's name. 
We may remark iu passing that, although 
Hi'tise be said, that Sir W. Herschel discoretvd 
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chance, its discovery was, iu anothiir aeuBe, the jnat reward of 
many years of most arduous labour. When we remember 
how vastly he improved by hia own iuventive skill and 
manual dexteritj' the powers of the telescope ; and that, year 
after year, he investigated, iu the most regular and persevering 
manner, vast regions of the sky, — or, to use his owu forcible 
expression, smept the heavens, — moving his mighty telescope 
from time to time, ao that each successive strip of space which 
it fathomed might begin exactly where the preceding strip 
ended, and no object of interest be missed ; when we note 
that, at the very time at which he discovered the planet, he 
was engaged in a most careful series of such observations of 
the particular region in which it was found, with a view to 
select certain special stars whose distances from the Earth he 
might be able to determine ; and when we read how skilfully he 
at once noted and tested the peculiarity of its appearance, — we 
must acknowledge that the honour of achieviug so imjioriaut a 
discovery was never more fully merited. We rejoice to thtuk 
that the recent occurrence of its centenary, in the year 1881, 
has led Professor Holden to publish a moat interesting account 
of the great astronomer's life, which, if possible, has caused 
his worth and talents to be even more highly appreciated 
than was previously the case. 

Indeed, the credit due to Sir W. Herschel becomes still more 
apparent when we notice, as subsequent investigations have 
proved, that various astronomers l>efore his time, who were by 
no means devoid of skill and ability, had frequently observed 
this verj- planet without detecting its planetary character, aud 
had noted its positions as those of a star. The earliest of 
such records is one by Klamsteed iu December l(i9U ; while 
from that date to the year 1771. the number of observations 
amounted altogether to six by Flamsteed, three by Bradley^ 
one by Mayer, and twelve by Lemonnier; six of which last 
were in one month, viz., January I7(IU. It has been well 
remarked that it was only a want of order and method that 
prevented Lemonnier from securing the discovery as his own.' 
It is also surprising that Flamsteed did not make it. 

* Chambers' " Handbook of Descriptive Astronomy,'' p. Id'.'. 
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These previous positions of the planet 
nse. They at once gave astronomers maa 
to its orbit, and moveioi^nts, in order to oda 
otherwiBe have I'een necessary to wait foj 
subseriuent observations ; and, as we efaall 
happened to have been made in an especially 
of the planet's orbit. 

As soou aa that orbit was e%'ea roaghly 
observed that its mean distance from the 
more than double that of the orhit of Sat 
remarkable accordauce with the distance thi 
by Bodo's so-caJled law. 

We may remind onr readers • that Bode'i 
Saturn's distance the number 1 00, if the Et 
represented by 10, while the next term in t 
Now it is found that the actual distances of S 
are respectively very nearly as 95 and 192. 
is therefore somewhat less than Bodc's seri 
but only by about j'„th part ; the actual dil 
owing to the enormons scale of its orbit, l>einfl 
miles. 

The eccentricity, or degree of ovaJneas, of ll) 
is found to be about three times that of ti 
wltbongh less than those of all the other plan 
and Neptune. Its mean, or average distana 
l,7S5,(H)0,O0O miles, consequently increases, 
than a g'^tli jiart. to about 1,868,000,000 mila 
at its furthest from the Sun, or in ApAetion 
decreases to about 1,702,000,(:KX) miles when 
Periltelioii, or at its nearest to the San. 

It may be observed that the difference 
last-named distances, viz., 1(16,000,000 of 
Jour and five times as great as the atnonnt by 
distance falls short of that which Bode's lai 
agreement with that law may therefore be col 
ably close, although it certainly reqoircg 
with tlie huge numbers involved before we c«i 
* Ste Lecture V., page 128. 
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to speak of a difference of 36,0(K),(K)n miles as a ccmparatively 
trifling matter. 

In an orbit at such a distaace from the Sun, the period of 
Uranus is necessarily very long ; in fact, it occupies rather more 
than eighty-four years in perfomiing its circuit once round it. 

Its onward velocity in its orbit is not much more than Jth 
of that of the Earth, hot is nevertheless sufficient to carry it 
forwani at the rate of some 15,000 miles per hour; i.e., at 
rather more than four miles per second. 

When due allowance is made for its enormous distance, it is 
found that the apparent diameter of its globe, which is equal 
to about four seconds of angular measure, indicates a real 
diameter of about ;J2,000 miles. Its surface is therefore 1>e- 
tween sixteen and seventeen times as great as that of the 
Earth, and its volume about sixty-six times. Its volume is- 
nevertheless only about 55*^ of that of the apparent globe of 
Jupiter, and about ^^th of tliat of Saturn. 

When its weight is calculated from the observed movements- 
of its satellites, it is found that it amounts to about fourteen 
times that of the Earth. The above-mentioned volume con- 
sequently involves a value for the mean density of the planet 
equal to about 1^ times that of water, or between Jth and yth 
of that of the Earth. In other words, if the materials of which 
Uranus is made were of the same average density as those of 
the Earth, the planet would weigh between four and five tinie» 
as much as it does. 

The attraction of gravity upon its surface, as the result of its 
lighter density but larger size, is found to be somewhat less 
than upon the Earth's surface, but only to such au extent, that 
a weight of one pound transferred from the Earth to Uranus 
would be reduced to about 14^ ounces. It is, i)erhaps, rather a 
curious coincidence that, upon a planet so different in size and 
constitution from the Earth, weights woiJd be so little altered. 

Owing to its great distance from us it is difficult to decide 
as to the existence, or otherwise, of any ellipticity in the shape- 
of the globe of Uranus. In 1^42 and 1843 Miidler, however, 
made measurements which indicated that it was compressed at 
its poles in about the same degree as Saturn, hut subsequent 



li. 



398 



THE PLASKT8 URASVS AXD SEPTISE. 



■obsen-atious have not eapported bia conclasion, nor have they 
rerealed any other decided jihysical features. Some traces of 
A Itelt were at one time supposed to be seen upon it, hot this 
■was exceedingly doabtfo) ; while the soepicion of the existence 
of a ring saiToandiDg it, similar to those of Satnm, has been 
<]nite given op. 

In IsTO and 1872 Mr. Boffham, observing in Boddct's Road, 
Victoria Park, with a If-iuch mirror by With, tbonght that he 
detected a rotation of the planet ni>on its axis in abooi I'i 
hours, from the motion of certain spots, or portions of a belt, 
upon its surface ; but since that date, so tar as we are aware, no 
other oh8er\-er has confirmed his statement. 

It is useless to discuss the habitabilitr of UraDus, and very 
hard to conceive its possibility. We may, however, remark that, 
if any iahabitauts could exist npon it, tliey might, at intervals 
cf nearly fifteen years, see Saturn at it« greatest elongatiou 
from the Sun as a morning or evening star. Bat, even when 
90 seen, its light would only amount to al>ont ^ath part" of 
that which it exhibits to the Earth wlien most favourably 
situated in Opposition. 

On the other baud, Neptune would bs far better seen when 
near to Opjiosition than from the Earth, and might Rhine with 
seven times as much light. It is just possible that Jupiter 
might be detected by a very careful scrutiny, even as Mercury 
is with difficulty seen by us ; but Mars and the Earth, and all 
the other planets, woiUd always lie much too near to the Sun 
to be visible. 

So remote is the i>lanet Urauus that the intensity of light 
and heat which it receives from the Sun is only equal to alwut 
gjjtli of thai which the Earth enjoys. That same remoteness 

* Saturn, in the two ca«w referred to, would be at diaUnoes fr^nn 
Umnuji and the Enrth respectively, of which the former would be folly 
2i tines a» great hh the latter. In the former owe its phue would nbo 
be only that of u bnlf-moon, in pUce of the fully illuminated disc which it 
Hbows to the Earth when in Opposition. The increase of dUlance wunld 
diminish its light in the ratio of the square of that distanco, or between 
Ave and six times ; and the half -moon phase would fnrther reduce it b<r 

e-balf ; or to about I'lth of that which we eee under the most favooniblc 
circunutacces. 
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also iuvolvee timt its distance from the Earth is never less 
than atwut l,(ilO millionB of miles. And yet, at so great a 
distance, four Satellites of Uranus have been discovered which 
have been bo carefully followe<I in their orbits that their ever- 
changing places can lie regularly predicted. 

Of these Satellites SirW. Herschel discovereJ two in January 
1787. He also imagined that he obtained glimpses of four 
others, but his observations were not, in any wise, so precise 
and RCfurate as were those of the first two which lie detected, 
nor have they received subsequent continnation. It is now 
generally considered that only four satellites of Uranus are 
visible in our largest telescopes : two of which were found by 
Sir W. Herschel, and two subsequently by Mr. Lassell, in ISiil,* 
both of which latter are nearer to the jdauet than either of 
Herschel's, so that their periods in their orbits are very short ; 
viz., about 2J and 4 days respectively. The periwls of the outer 
two have, by subsequent observation, been found to accord 
very closely with the values of about 8| days, and 13^ ilaya, 
tirst announced by Herschel. 

To these four .Satellites the names stated in the folluwing 
table have been assigned. 



grioitic TimH. 



' Ariel \ 2 d&fH 1-2} houK. 

I Uinbriel * - 3i „ 

I Oberon in .. 11 



Kitaima (ram Unuiu. 

about 120,0(MI milea. . 

.. 170,0; n „ j 
.. aHfi,oio ., 

„ 370,r;O(l ,. I 



In some text-books ol' astronomy, of not very recent date, 
H list ia given of the gix Satellites which Sir W. Herschel 

•■ Some glimpscH of one, or Ijoth, of these were, perhaps, obtained by 
Mr. Lasaell. and posBibly of ojie of them by M. Otto Btruve. somewhat 
before the above date, bnt their undoubted discovery by Mr, LasHell dates 
from y4th October, 1**51. Ht StarfieJd, near Liverpool. He announced 
til the Royal ABtronomicai Society in November of that year very ap- 
proximate periods for the two now Satellitea, which were only slightly 
wirroctod by the obBervationHeubiiet[uentty madoin the clearer atmosphere 
of Malta, to which island be removed his teleseope of 'J feet in diameter, 
in the autumn of l^:f. 




beii^vt^d that h^iam^^isim^^mmfm 

jteriotHc rimes. A refereoee to bis origi 
" PIiiloBopbical Traosatrtions " for the year 1 
show, that he simply calcalated those prrioi& 
'2nd law, from the suppose<l distances fivin 
out of the six ; and tliat he did not obtain d 
(.■ase of those now called Titania and OberoD 
satfrllites as they performed snccessire rev< 
only fixed thi^ i/islance of the iunemioet ^ 
observatiou of its place, when he thoug-ht (altt 
be very positive abont it) that it was most pro 
its greatest elongation. Then be somewhat ' 
that the orbit of one, which he believed U 
Titania and Oberon, might probably be just 
their orbits ; and that, of two others outside 
move io an orbit of douAUi, and the otb 
the radius of that of Oberon. The jieriotlti 
to snit tlicse hypothetical distances are, of 
certain than the distances themselveg. 

We do not, in mentioning these facts, ioti 
to derogate from the skill and acciiracy of B 
an observer. We only desire to cnutioD o 
attribute, as we tliink some writers have, u 
above statements far greater than he ever 
There is no doubt that, with an inHtnmienl 
structiou, he discovered Titania and UberoD 
before the year 1834, when they were next 
John Heracliel * with a telescope of 2(1 fee 
similar to that which hiu illustrious father 
sisty-tive years before Mr. Lassell disca 
Umbriel. Whether Hir W. Herschel, in ew 
some small stars for additional SateUitea, i 

HiiniiriRfi] oliscrvntioiin (as. ProfpRjtnr TTaIiIai 
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as possible in his memoir, that "further observations," for 
which we presume that be had neither time nor opportnoity, 
must " furnish us with proper data, for more accurate determi- 
nations;" and that "the accuracy of the periods stated 
depended entirely ujK)n the truth of the assumed distances." 

But much the most remarkable fact relating to these 
satellites and their movements still remains to be mentioned. 
It is this, that they revolve in orbits which are so tilted (if we 
may be allowed the expression) that they are nearly perpen- 
dicular to the plane of the orbit of Uranus. This latter plane 
only differs by less than I ° of inclination from the plane of the 
ecliptic in which the Earth moves. In fact, the two are more 
neai'ly coincident than in the wise of the orbit of any other 
planet ; and yet we find this very anomalous position of the 
planes in which the satellites revolve. 

It is well-known that the orbits of comets may be inclined 
at all possible inclinations to the ecliptic ; but we have hitherto, 
iu our description of the other planets and satellites of the 
Solar System, met with nothing like the ease of these satel- 
lites. If the inclination of their orbits were equal to a right 
angle, it would technically be said to be 00°; aa it is, it is 
believed to amount to abont 82°. 

It moreover follows, that, if these satellites rotate in, or 
nearly in, the plane of the planet's equator, as do those of 
Jnpiter and Saturn, that equator must also he tilted in a like 
manner. 

It must, however, be remembered that this last sopposi- 
tioD, although it may be probable, is in no wise proved to he 
tme. If it he so, the state of things is very nearly that which 
wonld result in the case of such a planet as Jnpiter (whose 
equator is only inclined very slightly to the plane of the 
ecliptic), if we could aiTange as follows. First, that an axis of 
its ^ure should project for some distance from each of its 
poles, and secondly that the plane of its equator should be 
extfioded, beyond the boundary of its globe, to a distance equal 
to that of its furthest satellite. Then, if we could take bold of 
the two ends of the projecting axis, and turn it through 
an angle of 90 degrees, so as to bring it very nearly into the 

26 
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plaue of the ecliptic, as is indicated furtlier on ia Figs. XC. 
and XCL, the planet's equator and the orbits of its eatfllitt^^ 
would become nearly perpendicular to that plane. 

Let U8, however, for a moment or two sapjiose the coinci- 
dence of the planet's axis with the ecliptic to be exact, and 
consider the exceedingly remarkable results which wonlii 
follow. Thej' would, of coarse, be snch as would exist npou 
the Earth, if its polar axis were, io like manner, in the plane 
of the ecliptic, instead of being inclined to it at an angle of 
66^°. It IS easy to understand that the peculiarities of the 
polar regions would under such circumstauces extend over the 
whole of the Earth, as would also those of the tropics ; the 
arctic circles would be brought down to the equator, and 
the tropics of Cancer and Capricorn would be moved up to 
the poles. 

At the poles the sun would remain visible as at present for 
dix months at a time, but ia tlie height of i^ummer it would Ix- 
vertically overhead at noon ; while for three months after the 
spring equinox it would describe a spiral cune in the sky. 
firet going round close to the horizon, then gradually ascending 
higher, and travelling day by day in smaller and smaller circles, 
until it woiUd be nearly tixed in the zenith ou the day of the 
summer solstice and for some days before and after that date. 
Upon one-half of the globe the days would increase from 12 
hours iu length at an equinox, nntU, at the summer solstioe, the 
whole hemisphere would see the Sun during a day of -4 hours. 
Upon the other half the nights would increai^e in like manner, 
until at tlie winter solstice they would be 24 hours long, and 
the Sun would be invisible for the whole of the day thrunghunt 
the hemisphere in ([uestion. At places near to the equator, 
when the days would be longest, the Sun would all through the 
day keep very close to the horizon, since it would go round the 
pole of the heavens, which would itself be bo situated, io a vi-rr 
small circle ; just as at places near to the poles, it would, at the 
same time, appear to go rouud the celestial pole, in « similar 
small circle, near to the zenith. 

All this may be easily worked out, by imagining the globe of 
Buch a planet to circuit round the Stm while keeping its axis 
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of rotation always parallel to itself and in the plane of Oie 
ecliptic ; 80 that the axis in question would pasa through the 
Snn at the solBtices, while the Sun's distance from a pole of 
the heavens would change from zero at a solstice to 90° at an 
etiuinox. U|X)n this supposition, figures may easily be drawn, 
similar to those used for the Earth in the earlier part of 
Lecture VIII,, which would indicate the Sun's daily path for 
various seasons and localities. 

In auch a case it can also l>e shown, if the satellites moved 
in the plane of the equator of Uranus, that they would 
appear, when seen from any place upon the planet, to describe 
a daily path in the sky which would always intersect the 
horizon in its east and west points. If an observer were npou 
the equator, they would pass through his zenith at mid-day; 
if he were near to a pole, they would all the day long keep 
close to his horizon ; while they would cross his meridian at 
au intermediate elevation for intennediate places of observa- 
tion. All this can be readily concluded from the fact that 
they would constantly be 90° from either pole of the heavens, 
the altitude of which above the horizon of any place, as in the 
case of the Earth (see Lecture VIIL, p. 180), would be equal to 
the observer's latitude. 

Let us, however, next consider what appearance they would 
present to an observer upon the Earth, if they thus rotated 
round Uranus in a plane at right angles to the ecliptic. It is 
evident that, if at any time that plane were turned edge- 
wise to oar view, they would seem simply to travel up and 
down in straight lines perpendicular to the ecliptic, passing 
alternately before and behind the planet. On the other band, 
if that plane should at any time be at right angles to our 
view, they would seem to go round the planet in circles. At 
intermediate times their paths would appear as ellipses of a 
greater or less degree of ovalness. Bnt in every case their 
motion would be in a plane whose direction would be to the 
north and south of the ecliptic, and always perpendicular to 
it. They would not have any motion at all round Uranus 
from east to west, or from west to oast, relatively to the 
ecliptic. 
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The actual state of things in the esse of the Satellites is 
not, however, exactly thns. But it really is euch as wonld 
happen, if, in our imaginary procedure, by whicli we have sng- 
gested that such au axial position as is supposed to exist in 
Uranua might be brought about, we had lilted a planet's axis, 
N8, supposed to be originally perpendicular to the ecliptic (see 
Fig. XC), through a little more than 90° ; in fact, through 
about 98°, or to the position n,Si, so as to bring the end tiat 
was above, or n&rth of the ecliptic, a little below it to s't ; and 
the other, or nouiJi end of the axis, a little fi6ove it to Si. 




It is easy to see that, in this case, the satellites of the planet 
would have a small amount of motion from east to west with 
regard to, or (as it is techuically termed) resolved opon, the 
ecliptic, because their orbits wonld not be quite perpendicular 
to it. And it would result, as a careful consideration of the 
arrows in Fig. XC. shows, that any such part of their motion 
wonld appear te ns to be from east to west, and not from rtfit 
to east; i.e., its direction would be contrary to the general 
direction of the motion of other planets and satellites, oviog 
to the BouiA pole of the plauet having been transferred to a 
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l>o8ition slightly to the north of the ecliptic. And the planet 
itself, if we could see spots upoo its surface, and thus observe 
its rotation, would also appear to go round on its axis in the 
opposite direction to that in which the other planets turn. 
Indeed, we think that this may ven- probably prove to be 
actually true in the case of Uranus, if we ever detect its 
rotation. 

Uutler the above-mentioned circumstances, the motion of 
the satellites in their orbits would of course appear to an 
observer upon the planet to be in the same direction as that 
of the rotation of Uranus upon its axis. It wonld matter not 
whether he might choose to describe it as being from west to 
east, or from east to west ; east and west being in any such 
case merely relative terms. But what is more important is, 
that such an observer would see the Sun and the other plauets 
and their satellites, if he could watch their axial and orbital 
rotations, all apparently turning and travelling in an opposite 
direction, with the single exception of the motion of the satel- 
lite of Neptune in its orbit, and possibly of Neptune's own 
movement upon its axis. 

It should, however, be noticed that we might have equally 
well supposed the axis of the planet to have been brought nearly 
into the ecliptic, by turning it from the position ns, in which 
it is perpendicular to it, through a little less than 90°, or, to take 
the actual case of Uranus, through about 82"^, in the opposite 
direction, so that it would take up the position NjSj in Fig. 
XCI. But if 80, the north pole, n,, originally above the 
ecliptic, would remain above it in the jiosition Nj, and it would 
be necessary that the satellites should have revolved originally, 
not from rcest to ea^t, according to our use of these terms, but 
from ectst to west, in order that after the change of the direction 
of the planet's axis they might travel as those of Umnus are 
seen to do, AV'e therefore think that it is, upon the whole, 
better to describe what takes place as if it had occurred upon 
the other supposition which is shown in Fig. XC. 

The above statements, in which we have endeavoured, as far 
as jHMsible, to explain what is undoubtedly a rather complicated 
matter, may perhaps help some of oar readers to understand 
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what is meant in ordinary test-books of astronomy, when it is 
said that, for direct motion of the satellites of Uranos, we 
mast consider the plane of their orbits to be inclined at aboot 
98" to the ecliptic, that ia at rather vwre than a right angle ; 
and for retrograde motion at about 82°, that is at rather Um 
than a right angle. 

After all it does not, however, very mnch matter whether 
we take ir, that the actual amount of retrograde (or east to 
west) motion relatively to the ecliptic, which we observe the 




satellites to possess, is such (in agreement with the former of 
onr two suppositions) as would be ])roduced, if the south pde 
of Uranus had been brought up a little above the plane of the 
ecliptic, while the satellites originally travelled round it, as 
others in general do, from west to east ; or whether it be said, 
(in agreement with the other supposition) that they more as 
they would, if the north pole of the planet had been brooj^ht 
down nearly to the ecliptic, while they may have originally 
gone round in the reverse direction. For, in either caae, th« 
great peculiarity really is, that the orbits of the satellites are 
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SO tilted up, that there is at all timea hardly auy motioD in 
them either from west to eaat, or from east to Jtiest, round a 
perpendicular to the plane of the ecliptic. Id the eame way 
it would probably not he so much a matter of aBtonishment 
to an observer upon the planet, if other neighbouring planets, 
Huch as Jupiter and Saturn and their satellites, were seen to 
have a different direction of rotation, as it would be to find, 
that their axes, instead of being nearly in the plane of the 
ecliptic, were nearly [lerpendicular to it, and the orbits of 
their Satellites nearly in it. 

And here we may anticipate one portion of what we ahoold 
otherwise state somewhat further on in this lecture with regard 
to the satellite uf the atill more distant planet Neptune, viz., 
that its motion relatively to the ecliptic ia also apparently 
retrograde j and not only so, but in a ninch more decided degree, 
for the iuctinattou of the plane of its orbit to that of the ecliptic 
is only about 35°. The orbit is therefore far less nearly per- 
])eudicular to that plane than those of the moons of Uranus ; 
and the satellite of Xeptune consequently possesses a very con- 
siderable amount of apparent motion, as it journeys round the 
planet, which is in a direction the reverse of that of the 
general movements of the Solar System. It therefore follows 
from our previous explanation that ; — if we are to suppose the 
planet Neptune to have originally revolved upou its axis from 
west to east, and its satellite to have revolved around it in the 
same direction, as is certainly the case for all the other jilanets 
and their satellites with the exception of Uranus, and if the 
satellite also moves nearly in the plane of Neptune's equator; 
— what was originally the nortli pole of the planet above the 
ecliptic must have been depressed not only to a small angle, but 
to something like o5°, /lelofo it. 

The probable iiositiou of the axes of these planets is con- 
sequently anomalous. It seems very difficult to conceive liow 
it could have been brouglit about. And yet, to imagine, that 
in some way the end of each axis primarily above the ecliptic 
lias been brought below it, as in Fig, XC, and the plane of 
the planet's equator and of the orbits of its moons turned 
through a corresponding angle, appears to be the best way to 
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get over the difficnlty (in which we shoiild otherwise be in- 
volved) of supposing the orbital motiou of the 8at4?llite8 to 
have been originally reverse to that obtaining in the rest of 
the Solar System, and possibly reverse to that of the axial 
rotatioD of the planets themselves. We certainly hesitate to 
believe that any such reveree motion can have existed in the 
eariy history of our System, not only upon the grounds of 
symmetry and analogy, bat, if for no other reason, because 
it would involve in the greatest possible difficulties the 
important Nebular Theory of Laplace, which necessarily 
assumes all the original motions to have been in one and 
the same direction. It is, however, almost eqnally hard to 
conceive by what possible cause so vast a change in the 
supiiosed direction of the axes of tlie planets, as we have 
suggested, could have been brought about.* 

So little is known about Uranus, that tbere is only one other 
fact relating to it to which we wish to draw attention. We 
refer to an interesting comjtarison between its light and that of 
one of the satellites of Ju|)iter, which is to be found in Flam- 
marion's " Popular Astronomy " (page 573), He mentions 

* It must, bowever, be remembered, as we have already mentianed. that 
we have no positive proof as to the position of the plane of the equator 
of UranOB, inasmuch ss we cannot detect it^ axial rotation. It is otdy 
upon the ground of a probable analogy with Jupiter and Saturn that it is 
suggested, that the plane of its equator may nearly coincide with the orbito 
of its satelliteB. If, however, this is not the case, we believe that it would 
make a. very great difference to observers upon UranuB, whether the axu 
of the planet may have a. greater, or leoB, inclination than that of the orbits 
of the satellitea to the ecliptic, which is moat probably about 83°. Those 
of our readers who are acquainted with mathematics may be able to w« 
that, if its inchnation be . less, and there be a procession of the equionxes 
upon UranuB, theu, during alternate halves of the period of that preci- 
sion, the apparent orbital motion of the satellites, as r^jards rotation 
from east to west, or rice versa, round the axis of Uranus would be 
reversed. A similar change would also occur during alternate hatvM of 
the period of the revolution of the nodes of the orbit of any one of the 
HatelliteB. We do not notice any such effecta in our own Uoon'n 
apparent orbibil pnth among the stars, because the inclination of the 
Earth's axis to the plane of the ecliptic, which a 6&|°, is yreaUr ihan the 
inclination of the plane of the Moon's path (which is in fact onlr 
about 5°). 





that, on June 5th, 1872, the two planets might have been seen 
at an apparent distance only equal to 1^ times the diamet«r of 
Jupiter, had not daylight prevented the obseri-ation. But, at 
!' p.m., Jupiter and its four satellites, together with Uranus, 
were beautifully grouped in the field of view of the telescope ; 
Uranns being situated almost exactly above the 3rd or largest 
satellite. The two were apparently of the same size, but the 
planet was rather more brilliant in its light. It therefore 
follows that the light of Uranus (at that timej slightly exceeded 
that of a 6th magnitude star, and that it is, as observation has 
often proved to be the case, under such circumstances just 
perceptible by the naked eye. 

The Pl4net NEPtrNE. 
^V'e have already more than once mentioned the planet 
Neptune as the most remote from the Sun of all those with 
which we are acquainted. We have spoken of its orbit as 
lying very far beyond that of Uranus ; but we have not as yet 
referred to the very remarkable character of the investigations 
by which it was discovered in the year 184f}. 

That discovery, which we now proceed to explain, is un- 

donbtediy the greatest modern triumph of the mathematics 

of astronomy; a triumph which makes us feel how much more 

appropriate the word "hoto" would be, if substituted for the 

twice recurring "noi;" in the linea of Prior: — 

" Each planet shitiiDg in hi> proj>er sjilicrc, 

Dolh with jusl B]jced his radiant voyage Btcer ; 

And in Mb iionsage through the liqaid spacv, 

Anr haatena, inir Tetania, his neighbour's tncc." 

Most of our readers may alreatly be aware, that this last 
addition to the known members of the Sun's family was 
delected in its far distant path by no mere chance or accident. 
There was nothing unexpected in the first observation of it, as 
in the case of Uranns. On the contrary, two great mathema- 
ticians who, in common with the rest of the scieutific world, 
had good reasons for believing rhat such a planet must exist, 
calculated, by long and arduous processes, in what direction 
to point the telescope by means of which it should be seen. 
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They were Mr. Adams {now Lowudean Professor of Asironomy 
in the University of Cambridge), and M. Le Verrier* (Ute 
Director of the Observatory of Paris), whoso comparatively rerent 
death is mourned as that of one who, by his untiring assiduity 
and his splendid ability, apart from the discovery of the planet 
Xeptune, has conferred benefits almost beyond all ustimalion 
upon the science he so much loved. The honour of the dis- 
covery is so great that it can well afford to be divided between 
these two distinguished astronomers. 

Tlie planet was practically found, and its jilace was jMinted 
out, within a degree of longitude, by Le Verrier, and within less 
than 2i degrees by Mr. Adams, simply and solely as the resnlr 
of theoretical calculations of the most elaborate character, Bui 
the difficulty of the problem thus solved was immense. Some 
idea of it may ]icrhaps be gathered from the following state- 
ment. 

When the observations made of the planet Uranas daring 
some fifty years after its discovery in 1781 were compared with 
the previous observations of it, to which we have referred in 
the earlier part of this lecture, i.e., with the records of its place, 
which were found to have been made at various times without 
its real character being known, it was noticed, that there was 
apparently a considerable amount of irregularity in its past 
movements ; and that this irregularity showed a tendencj" tu 
increase again. For a considerable number of years before the 
year 1822, and especially after the year 1800, the planet seemwl 
to have gained speed in addition to that which would properly 
correspoud with its distance from the Sun ; but, as the year 
1822 drew nigh, the rate of increase in its speed diminished, 
and after that date it seemed thut some retarding inflnence 
began to act upon it, the effect of which, in a few yean' time, 
became decidedly vigorous. 

Fig. XCII. illustrates the hypothesis by which it was sug- 
gested that this peculiarity in the movement of Urauos might 
be explained. It was thought, that an additional planet might 
possibly be situated in an orbit exterior to that of Uranus, the 
attraction of which might have acted (although the real effect 
* It may be noticed that we hav« put the tiro naineR in alphabetical (Wder. 
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is considerably more complicated) womewhat after the manner 
indicated by the arrowa in the diagram, and thus have alte> 
uately accelerated and retarded the velocity which Uranua 
would otherwise have possessed." 

The problem of investigating where that planet might be 

equations of condition and unknown quantities involved, very 
numerouH. It was evident that a larger planet further off, or 
a smaller one at a nearer dismnce, might eiiually well produce 
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(Hlciilatiou of the disturbing effects of the various other planets 
npoa the path of UniDua (or rather of those of Satnra and 
Jnpiter, which would be by far the most important), and 
then to say, that any outstanding irregnlarity mnst be caosed 
by an exterior planet. 

If thia could have been done, it might have been a conipai&- 
lively easy matter to calculate at any given moment, from the 
extent of that irregularity, where, and how large, sncli a plaoft 
must be. But the only way in which mathematical processes 
at present enable us to investigate the positions and movements 
of the planets, is by a method of successive approximatioo. 
which involves the effect of any one upon all the rest, and of 
all the rest upon it, in a sort of inextricable intimacy, snch 
that it is impossible to separate any one of these effects from 
the remainder. The planets must all be supposed iu oar cal- 
culations to be acting and reacting upon the movements of 
each and all, at one and the same time, and even to be 
mutually acting and reacting upon one another's distarbing 
eft'twjts. 

It was, however, only natural that both Le Verrier and 
Adams should imagine, from the analogy of the known planets, 
that, if another large one existed still more remote from the 
Sun, the size of its orbit would approximately follow Bode*8 
law, and that it would, like the rest, most probably move 
nearly in the plane of the ecliptic. Having made these 8n|v- 
positions, they next determined, by very complicated caJcnla- 
tious, tlie probable position of such a planet at the time at which 
their investigations were made, i.e., in the year 184C. And so 
nearly did their results indicate its true place, that it was found, 
by Dr. Galle, of Berlin, the first night that he looked for it, in 
the locality assigned by Le Verrier ; while it was afterwards 
shown, that the calculations of Adams were amply sofficient to 
have detected it with almost eipial facility. In fact, even 
before Dr. (ralle's announcement of Le Verrier'a discovery, it 
had been twice seen at the dbservatory at Cambridge, in the 
aeighbonrhood iu wliich Mr. Adams had requested that search 
light be made for it. For want, however, of sufficiently 
accurate charts, it was for the time being recorded as a star 
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(and not as a planet) in two different positions, which, as soon 
as time permitted, would by their comparison have demon- 
strated its ouwarti movement, and conseqaently have proved 
ita real character.* 

We think we are indeed justified in calling this a triumph. 
Perhaps it may be some day repeated, and irregularities in 
Neptune's orbit be used to deduce the place of a yet more 
distant planet. The movements of Neptuue have inileed been 
already watched with this object in view, bnt any attempt to 
solve the problem ia at present promatnre. The investigation 
wonhl, of course, be much more difficult than it was in the 
case of Urauua. Nor are we, at present, able to calculate the 
orbit of Neptune itself with such accuracy that we can be 
perfectly certain of the extent to which irregularities occur in 
its motion ; although we are aware that the attraotions of some 
of the other planets do undoubtedly, and very considerably, 
perturb its path. 

One striking illustmtion of such perturbations of its move- 
ment, first brought under our notice by the kindness of 
the Astronomer Royal (Mr. Christie), may be both interesting 
and instructive. It is, that, at the end of 1S8I, Neptune 
was about 500,000 miles further from the Sun than it was 
in 1876, or than it probably will be in 1887, or near to that date. 

Now the year 1881 ia that in which, if Neptune's motion were 
undisturbed, it would pass through ita Perihelion, or make its 
nearest approach to the Sun ; but the result of the above per- 
turbation (which is chiefly due to Jupiter) is, that its distance is 
rcEilly oOOjOOO miles less, about five (or six) years, both before, 
and after, that date. That is to say, it practically passes 
through two Perihelia, one of which occurred in 1876, while 
the other will be in, or about, 1887. This may, at any rate, 

* It should also be mentioned that, jast us it waj found After tht 
diaooyery of nntnux that it hud been previoualy observed, and iti place 
recorded as that of a star : so in like manner two observationn of Neptune 
were found to have been made by Lalnnde, on May 8th and lOth, 17it5, 
fifty-one years before ita discovery in 184t>. Indeed Lalande noticed that 
the placeH observed on the^e two diiys did not agree, but, inatead of 
imagining that the object might be a planet whose proper motion caused 
tbe diaoOTdanoe, he simply rejected that of May 8tb ai 
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make it clear, that some nt these planetary pertnrbations are of 
no small moment, ami help to indicate how difficult it was to 
determine tbe jirobable position of Neptnne from the difitQrb- 
ance of the movements of Uranns, when it ia seen how 
Neptane itself 19 perturbed." 

Far away from the inflnence of the Snn's genial warmth, or 
perhaps we should rather say, almost beyond any possibility of 
benetit from it, althongh not beyond the control of its mighty 
gravitating attraction, Neptnne jiursues its tedioaa joamey. 
The obser^-ations made since its discovery prove it* mean 
distance from the Snn to measure very nearly 2,?S00,OO0,(X»(t 
miles. It is therefore aboat thirty times as far away as the 
Earth from the centre of the Solar System. 

It may be well to notice that such a distance is very 
different from that which Bode's so-called law would involve. 
To correspond with this series, it should be 800,00O,0OC> miles 
greater than it is ; which would also involve a periodic time 
for the planet's rotation rouud the Snn aboat sixty years longer 
than its real period, which is nearly 165 years. 

Neptune's velocity as it travels round the Sun ia alwat SJ 
miles per second. Its speed is therefore only aboat Jth of that 
of the Earth, and Jth of that of Mercury, bat nevertheless 
200 times as great as that of an express train. Its probable 
diameter — as to which there is, however, some donbt, sine*' 
its immense distance makes it difficult accnrately to m«asnre 
the apparent width of its disc— is about 35,000 miles, ie., it 
is about -j'^th greater tlian that of Uranus. 

''It afterwards proved that the hypothetical planet emplojred in the 
caJculatioDH of Le Verrier bad beua Hupposed to be lookted in lit orbit, 
the mean distance of which from the Sun was abont 570,000,000 milea 
^eater than that of Neptune, while its mass was about twice tt» great. 
In like manner, the mean distance, assumed by Hr. Adams for bia pUnet, 
exceeded that of Neptune by nbout 675,000,000 miles, and its mun was 
three times the real value. Nevertheless, the effect that each would hart 
produced upon the movement of LiranUB, in the portion of its orbit whicb 
it deocTibcd in about twenty years on either side of the dat« of th« j-ear 
18 80 nearly the same as tluit of Neptune itself, that in each t^aur 
lit of the calculations made almost exactly iadicat«il the trnv 
dirfcHon in which the unknown planet wa« to be fonnd in 1846. 
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Its surface is not quite 20 times, its volume somewhat more 
than 80 times, that of the Earth. 

Its density, which is slightly less thau that of Uraaua, and 
somewhat greater than that of wator, is ahout eqnal to Jth of 
that of the Earth. Notwithstanding its much greater volume, 
its weight is therefore only about US times the Earth's weight. 
The attraction of gravity upon its surface is almost exactly the 
same as npon that of Uranus, or about yVtl's of what it is 
apon the Earth. 

The intensity of the Son's light and heat received by Nep- 
tune, and the apparent area which its ilisc would present to an 
observer upon the planet, are only about ^Juth of what they 
are for an observer upon the Earth. The Sun seen from it 
would therefore offer no appreciable disc to the naked eye, bnt 
would simply look like a very brilliant star. 

Neptune possesses, as we have already mentioned in our 
discussion of the moons of Uranus, one Satellite, which was 
discovered by Mr. Lassell in October, 1846. Its distance from 
the planet's centre is about 220,000 miles ; its period in its 
orbit about 5* 21" 8". Aa far as we can judge from its 
visibility at its enormous distance from the Earth, this satel- 
lite is probably much larger than any other with which we are 
acquainted. 

It may be interesting to notice that, in the case of Neptune 
(see also our remarks with reganl to the planet Mars, p. 262), 
it is because it possesses a Satellite that we are able to weigh 
it, as we have above stated, with very considerable accm-acy. If 
it were not for this we should have to use indirect methods 
which would render the problem vastly more diHiciUt. 

We suppose that our readers must by this time have perceived 
that we really know but very little about either of these two 
far-distant planets, Uranus and Neptune. Nevertheless it may 
not be amiss if we endeavour to extend our gaze somewhat 
further still by asking : — Do any other planets, even more 
distant than these, exist beyond them ? 

At present, as we have mentioned, the study of the per- 
turbations of Neptune's movement has not afforded any 
satisfactory indicatious in favour of an attinuative reply to tliia 
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(joery, althongh Mr. Todd has even gone so far as to makv a 
careful searcli with the great Wasliiugton telescope, id a region 
of the bcsvena where he had some reasons for thioking that 
such an outlying planet might jjossibly be found. 

Nor does another ingenious method by which the same 
difficult problem has recently been attacked by Professor Forbes 
of Glasgow, depending apon a well-known peculiarity of certain 
cometary orbits, seem likely to achieve any greater success. It 
is found, that the maximum distance from the Sun of sevcra] 
comets, whose paths have been accurately determined, is 
attained when it is nearly equal that of the orbit of Jupiter ; 
while there are others which (speaking approximately) attoiu 
a maximum distance which is nearly the same as that of the 
orbit of Saturn, or of Uranus, or of Neptune. Haviag attained 
such a positioD, they (so to say) turn round and begin to 
approach the Sun again. But this is just the sort of path 
whicli would uow belong to any comet, which al some past 
date might have been previously moving in an altogether 
different orbit, but wliile so moving might have happened, on a 
special occasion, to have passed very close to one of the above- 
named planets. In snch a case the attraction of the plaaet 
would very likely have altogether changed the comet's orbit, 
so that it would be for the future snch an one as we have 
described. 

What we have stated, then, comes to this : — A certain 
number of comets are found, whose maximum distances from 
the Sun (or, to speak more technically, the distances of whose 
Apkdia) are nearly equal to that of Jupiter. This cao be 
shown to be a probable result of Jupiter's attraction apOD 
them, and this series of comets may consequently be described 
as having orbits regulated, or dominated, by Jupiter. Also cer- 
tain other comets are found whose orbits have in like manner 
been affected by Saturn, or by Uranus, or by Neptune, 

Professor Forbes has, therefore, suggested ihatj if a plaaet 
really exist beyond the orbit of Neptune, we may obtaio aome 
evidence of its presence by its eflect upon the orbits of such 
comets as may, at some time or other, have passed very near to 
it. If we can find some of these bodies, whose paths show that 
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they have andergooe a certain effect common Co teceral oftAcm, 
it may arise from the attraction of sach a plauet. If others, 
travelling to a greater distance, show a repetition of another and 
a, different effect, they may indicate the power of another and 
still more distant plauet. Suitable calculations may point out 
the position in which to search for such planets ; but any such 
investigation must by its very nature be vastly less accurate thau 
one which follows the method of Adams and Le Vcrrier, It is, 
however, so ingenious that it well deserves some consideration. 

We will now draw our remarks upon the planets to a conclu- 
sion by a brief reference to a hypothesis which we some time 
since discussed more fully in another course of lectures de- 
livered at Grksham Collegr. We refer to the supposition 
that important results may arise from the passages of the 
planets, and especially of those of the larger planets, through 
their Perihelia, or nearest positions to the Sun. 

It is, of course, well known that the Conjunctions and the 
apparent near approaches of the planets to one another (which 
only involve their being seen very nearly in the same direction, 
although really many millions of miles apart), have always been 
believed by astrologers to have a baneful or beneficent influence j 
a belief which is illustrated by the quotation from Shakespeare 
which forms a heading to this lecture. And any one may 
assure himself that such opinions are still maintained, if he 
will take the trouble to read *' Zadkiel's Almanac," or some 
more elaborate astrological work. He will there find that 
these planetary positions are supi>oseil to act in combination 
with the relation of certain planets and their houses in the 
heavens to individuals and countries ; nor need he be surprised 
if a considerable proportion of the vague prophecies made in 
connection with them sometimes come true, while probably a 
much larger proportion, to the failure of which little atten- 
tion is subsequently paid, prove to be false. 

We might rpiote many another poet in support of this belief, 
to which Byron refers in the well-known lines : — 
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.ars 1 nhich are the poetry; of heftven, 
yauT bright leavea we would read the fate 
Of men and empires ! " 
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Bat it is not only among poets or astrolojTL'rs that soch 
notions prevail-. They maintain a reniarkahle hold upou the 
pO]jalar mind. Any oraotilar statement connected with them 
Bpreatis with mar\-eUoiia rapidity wbeu once publicity is given 
tw it. And, of late, certain prophets, or seers, seem to have 
taken np the theory that, in addition to any reanlts dependent 
ni>ou their Conjunctions or Oppositions, the jtassage? of the 
larger planets, i.e, of Jupiter, Saturn, Uranns, and Neptune, 
through their Per f'/e/in, may be expected to ha\e most disastroiu 
and disturbing effects upon the Earth, and may bring aboal 
plagues and pestilences of the most awful and dcstmctiTe 
character. An attempt has also been made to show, from the 
history of plagues, that, on one or two previous occasions, vii,. 
in the sixth and sixteenth centuries, the effect of a wear coin- 
cidence in the times of their passing through their Perihehii 
has been actually such. 

It has been stated thnt about every twelve years, when 
Jupiter thus passes, evil cousetjueuceB result ; and that, oaco iii 
ever}- fifty-nine years, when the Perihelion-jiassagei of Japitrr 
and Satnm nearly coincide in date, ihey are especially iajinioDs. 

We have not uow space to discuss this subject at leiigtli. 
We can only say that, although it is impossible to deny tliat the 
approach of a large i)lanet may in some way act upon the Sun. 
or upon the Earth, we have, after considerable search, met 
with no sufficient record of any apparent connectton between 
times of pestilence and such near approaches. Ou the cOD- 
traPi', if any actual effect takes place, we should think that it 
might, by disturbing the ISun and increasing its heat, ntJier 
bless than curse the planets in general. And we shoald 
expect that the ajiproach of a planet to the Suu when }>A«siiig 
through its Perihelion might sJfect that planet itself ( whether 
for good or evil) much more thau it would, through its influence 
uijon the Snu, affect any other planet ; so that some special 
commotion in the spots, or belts, of such a planet as Japitrr 
might possibly have some connection with its own Perihelioo- 



It must, of com-se, be carefidly noticed that the near coinci- 
dence of the Periheliou-passages of the plauets does not mean 
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H| when they eo pass, they are iiearly in the same direction as 
A from the StiD, or all nearly iu a Btraigbt line drawn from 

B Earth. On the coutran', it is only a neav coincidence in 
ijhw that ie referred to, while the Perihelia in qnestion may be 
in very different longitudes in the heavens. This is shown 
I0g, XCIII., ill which the various dates and (lositions of the 




Perihelia of the orbits of Jupiter, Saturn, Uranus, and Kefituue, 
which occur during several consecutive years, begiuoiDg with 
1876, are indicated. It is, however, impossible, with the acale 
upon which the diagram is drawn, to represent the orbits 
otherwise than as circles. 

It is quite true, bb the above figure indicates, that Jupit«r 
pueed through PerihelioQ oa September 2ath, 1880; that 
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Saturn will 80 [ittss on October !9tli, 1885; that Uraans so paaae J 
on April Uth, 1682 j and that Neptane, as we havp previously 
explained, wonid have done so in 1881, if its movemeots had 
not been perturbed ; but that it actually was at one nearest 
position to the Son in Slarch 1870, and will be so again io, or 
about, 1887, or 1888. 

In connection with any such snpijosed effects as those W 
which we just now referred, it may also be remarked, that it 
cannot matter much whether, when any one of the above 
])lanet9 is in Perihelion, the Earth is verj- nearly between it 
and the Sun, or not. For such is their comparatively slow 
motion, that, if the Eartli were, at the date in question, exactly 
ni>on the opposite side of the Sun, Neptune would only have 
moved thmugh g^oth of its orbit away from its Perihelion, 
Uranus through about li^th, Saturn through about ^-jlXi, and 
Jupiter through about jsud, before the Earth would calch 
them up and come between them and the Sun. In fact, even 
Jupiter would still be comparatively close, and all the others 
would be very close indeed, to Perihelion, when the Earth, 
between six and seven months afterwards, would make its 
next especially near approach to them by passing between 
them and the Sun. 

It is rather to be noticed, and is much more to the point, 
that, if any such effect be produced, the Earth may be ouder 
its influence for a considerable time, since, as it goes round Us 
lekole orbit it will be decidedly nearer to any one of thes":- 
planets which may l>e al>out to pass, or may have jnst passed, 
through its Peribeliun, than if the planet were in, or near to, its 
Aphelion. 

For instance, Jupiter would, in the former case, be something 
like 4(S,l}(lO,000 miles nearer to the Snn during the trhole of the 
Eart/Cs year than in the latter case ; so that, instead of the 
Earth's distance from it varying, as it would near to its Aphe- 
lion passage, from about 414,000,000 miles to 600,000,000 miles 
dnring tlie year, its greatest distance would be about 654,000,(KH) 
miles, while its least distance would he reduced to about 
:3(iS,l)00,0(XJ miles. In other words, its average distance all 
the year through would be diminished by 46,000,000 miles. 
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We are willing to allow all this, and not only so, but in 
addition, that, in the year ISSO, the Earth did also happen to 
pass between Jnpiter and the 8au most remarkably near to 
the time of Jupiter's passage through its Perihelion, viz., within 
eleven days ; and yet we see no necessity for believing that 
any special influeuce must, under such circnmstances, arise, 
— certainly not that any harmful results must ensue, 

We must, moreover, recollect that we have no idea, if any 
such action should take place, l>v what law it wonld he governed. 
It might be proportional to the mass of the Iiody so acting 
divided by its diatsnce ; or divided by that distance sqaared, 
or cnbed. It might follow laws similar to those of electricity, 
or of magnetism ; or it might simply act according to the 
ordinary law of gravitation. If the latter be the case (a pos- 
sible, although not a very probable, 8n])po9itiou, which we 
may use for the purpose of illustration as a mean between 
various imaginable laws), we may calculate, that the maximum 
attractive effect of Jupiter ujion the Earth would be nearly 
fourteen times that of Saturn, Saturn's about thirty-three 
times that of Uranus, and that of Uranus more than twice 
that of Neptune ; so that (speaking approximately) Jupiter's 
maximum influence would approach 500 times that of Uranus, 
and exceed 1,0(1(1 times that of Xeptune. 

We may also remark, that not only do the great distances 
of Neptune and Uranus from the Earth almost jmt them 
out of the question altogetlier, but the ver>' near approach of 
Neptune's orbit to a circular form makes its Perihelion-passage 
utterly unimportant. If any Perihelion effects exist, they must 
practically be limited to those of Jupiter and of Saturn ; and 
Jupiter is so much the more important, both in ma^ts and 
proximity, that all we should think it necessary to do to settle 
the qnestion (and this may be worth the while), is carefully 
to compare meteorological records, and to see whether any 
periodic eliange can be detected which corresponds with the 
dates of Jupiter^s Perihelion-passages. 

At the same time, it must be remembered, that the period of 
Sun-spot maxima and minima (see Lecture II., p. Z~) has an 
average duration of about 1I*1 years, and might therefore 



L 



422 TBE PLANETS UBANVS ASD NEPTUXi:. 

corresjinml, for a considerable length of time, with Uut of 
any effect prodoced by Jupiter, and caase an appareot, 
although not real, coincidence, with the period of llSyeare, 
which clapaea between its Perihelion-passages. A sofiicifntly 
long- con tinned series of obser various wonld, however, dis- 
tinguish between the two classes of phenomena. 

As to prophecies of impending trouble connected with the 
near coincidence of the dates of the Perihelia which occur 
between 1^80 and 1885, we most confidently believe that no 
one need regard them, althongh it is certainly somewhat 
remarkable that the dates should just now follow one another 
quite so rapidly. It is also an unfortunate fact for the 
l)rophet9 in <ine3tion, that, Jupiter's jieriod being barely 
twelve years, that huge planet will be very nearly in its 
Aphelion, or at its greatest distance from the Sun, the 
position of which is marked 188(} in Fig. XCIII., before 
Saturn will have reached its Perihelion in 1886. In 1885 
we might therefore expect the influence of Jupiter, and that 
by far the most important of all such ]iossible influences, to be 
nearly reversetl, and to oppose that of Saturn. 

It may also be well to notice another important fact ; viz., 
that the change in the attractive effect of the Sun upon the 
Earth, in the course of each single year, is vastly greater than 
the change in the attractive eli'ect, even of Jupiter, when its 
Perihelion and Aphelion ])a8sages resjwctively draw it especially 
near to the Earth, or remove it to an anusual distance from it. 
This is, of course, niMan our jirevious supposition, which we have 
adopted for purposes of illnstratiou, that the action referred to 
takes place according to the law by which gravity attracts. So 
huge is the Sun that a change of U,000,OUO miles in its dis- 
tance, at different times in the conrse of each year, alters its 
attraction u]K>n the Earth about I0,00t.i times as much, as a 
change of 46,000,000 miles of distance alters the average value 
of that of Ju])iter. It may also be calculated that the annoal 
change in the Sun's iittraction upon the Eartii is about I,81m) 
times as great as the whole average attraction of Jupiter. 
Hence we may easily conclude that, if the Perihelioa-passagi! 
of Jnpiter affects the Earth, the Earth's own Perihelion 
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passage uiiglit, yt-ar by year, be expected to do so vastly, 
more. 

It is, of conrse, juat possible that Jupiter might, when near 
to Perihelion, affect the Siiu, and that such an efl'ect trnnainitted 
through the Sun to the Earth might be much greater than its 
direct actiou. And we are aware, that it has at times been 
snspected that Jupiter's position relatively to the Sun actually 
iulluences its spots, or other phenomena, to some slight 
extent. Nevertheless, no decided proof has yet been obtained 
uf any influence exerted by Jupiter (huge as is its bulk) 
upon its much greater ruler, which desei-ves to be termed 
important. 

We may, therefore, say that, up to the present time, no 
efl'ect, direct or indirect, of the passage of Jupiter, much leas of 
any other planet, through its Perihelion, has been proved to act 
upon the Earth, either for good or evil. On the other hand, 
we cannot absolutely aflirm its impossibility. And we may 
further allow that Jupiter is so important a body, that it 
may be well to watch for any synchronism of other phenomena 
with its periodic time, which, if deteeted, would deserve the 
most careful attention. 

Here we must for the ]iresent close oor discussion of the 
Solar System ; — its Sun, its Planets, and its Moons, Not that 
we can i)retend that our treatment of either Satellite or Planet 
has been in any wise exhaustive, or as complete as we could 
have wished to make it; much less were we able to give due 
space in our Hrst two short lectures to the description of the 
marvels of the Sun, or to follow out the many suggestive lines 
of thought which they involve, and the imjiortant issues to 
which they lead. 

Nor do we forget, not only that there may be many bodies 
in the Solar System yet unknown to us — Planets circling be- 
yond the path of Neptune, or within that of Mercury — Minor 
Planets, the succession of whose discovery has hitherto never 
ceased, — Comets, whose known nmnbers increase as each year 
passes, and of which many more would probably be seen if 
sufficient time could be devoted to a systematic scouring of 
the heavens in order thereto ; — but that, even amongst the 
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kiiowu niemljers of the Solar Sj'Htem, we are regretfally 
Ifsviiig many uunoticed. 

To it belong some Comets, whose orbits are so precisely 
determined, that we can calculate their daily ]>lacea almost 
as accurately as those of the Planets ; some, whose periods 
round the Sun are so short " that they come within the limits 
of tliose of the Minor Planets, while their orbit* are not very 
much more oval, or excentric, than those of some of these 
last-named little bodies. There are also, as we have jire- 
viously mentioned, several well-known Comets which, iu 
joorneying round the Sun, never go much farther away than 
the orbit of Jupiter; others whose range is attiiroximaiely 
bounded by that of Saturn, or of Urauub; others which sweej. 
ontwanls a little beyond tliat of Neptnne, amongst which last 
ia included the great comet of Halleyjt while there are others, 
still under the control of our Sun, which, in tlicir elongated 
paths, rush away to diBtances far more remote, before they turn 
back to u nearer proximity again. All these are members of 
our Solar System. 

And many a swarm of meteorites, mostly minut*, but 
mingled occasionally with some of larger bulk, revolve iu 
regular orbits round the Sun, iu which iu some cases (if not 
ia most) they lag behind comets to which they have once be- 
longed, or of the dissipation of which they are the rcmiiauts. 
They are ever falling upon the Sun as fuel ; or being exp]od«l 
into dust by the furious heat which the friction of our own, i>r 
of some other, atmosphere generates as they hurry through it ; 
or, by collision with Sah'llites aud Planets, or with one another, 
loaiug tlieir individuality aud becoming aggregated into some 
larger mass. A\"hile they thus revolve, they too are memtrcrs 
of our Solar System. 

And it has its visitors as well — Comets and Meteorites which 
rushing onwai'ds from distant regions of space travel once, and 

* As, for iiiBtance, .IJ years in the ca»e of Encke's comet, and 5{ )*««(> 
in the cose of Winnecke'E. 

t To its retam in I'JIO, in what will probalilj he n mo»t effoctivi!' 
poBJtioD for obeervation in our IntitudiMi, those who nre noir foang may 
lookforword with pleasing nnticipations. i 
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only ouL-e, through its boaudaries, iu a hyperbolic path from 
which they never retura— visitors that are its links to the 
universe beyond. 

As to all these we most at preseat say nothing. Perhaps 
oar best consolation may he, that, as yet, we know so little that 
is positive aud certain with regard to them, that, if our space 
had allowed lis to discuss them, we might very likely have 
been led away from the realms of positive and well-aacer- 
taiiied troth, to which we have endeavoured as far as possible 
to confine the lectures, to others rich in f&snuation, but full 
of uncertainty, and vaguely hypothetical. 

Let ns ]iO)>e, that the information which, to the best of 
onr ability, we have pat before our readers may help them, if 
they should be disposed in their furtber studies to venture 
uiKiu the stormy and doubtful sea of hypothesis, to start 
as Imm a safe and well-suireyed harbour, to which they 
may ever aud auou return, aud, casting anchor, paate 
awhile to meditate upon the results of their voyage. May 
the facts here recorded be as ballast to their vessel, to> 
keep it from drifting to shipwreck on the rocks of erroff 
before some gale of false deduction, or hasty couclasioQt, 
and as warning beacons point to a careful and per- 
severing study of accurate and positive truth, aud to the 
mathematical investigation of the laws that govern facts 
definitely observed, aa the means by which Astronomy baa, 
iu the past, gained its marvellous triumphs and achieved 
its wondrous successes, and shall, in the future, gain 
triumphs more marvellous and achieve a success more 
wondrous by far. 

It may be an appropriate reminder of the subject matter 
which this course of lectures has erabract^d, and a uot 
unsuitable conclusion to the whole, to put before our readers 
the following simple diagram, which shows how vastly the 
mighty globe of oar great central luminary surpasses that 
of the largest Planet ; and how small and uuimportaut is 
the Earth comparetl with several of its brethren in the 
family of the Sun. It has been drawn as nearly as possible 
U|'on a correct scale, and is intemled to represent, according 
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to (he statements made from time to time in the precediug 
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tion of, I > , ; poBition,itpp«r<nie, of, I7f. 
PolThrmuia. the minor [uiuiet, 272. 
Pritcliett, Prof_dr»iiriiur uf JopitCT.HNt 
Primnnt UobUe, tbv. IIU. 
Pmctot. Hr., nuip of Mars, Sn ( rotalkt 

of Uar9,23i!;biework uponKitorauaK, 
Prominences, tolal Wee flu Sum). 
Rei'Ulsire force In the Bun, 44. 
Retrogression of plueta, IlH. I8D, ISC 
Riglil uscrnidon, 1R4. 
Sills, lunar, 78, 

EiJraer, the velocity of light, WB. 
Itoase, Inird, the tempentuiv «r IW 

Uoon'i snrfftGe, 80. 
Rotation of the Earth, proofs ot, 197. 
Russell. Ur. U. C, obaurTftliuna at Japi- 

ter.aw, 
Rntherford, Ur., lunar photognjihi far, 

lie, 73. 

Sandwich Isles, great cntee tn, Tii. 
Bapplio, tlie mbior pLanet, ISi. 
Batnm, belts upon, SM i ejrcia kod 
epicyelea of, 110:di*tmoe ot, rott 

dmnriug* of, SaH,)U9, STD, 871 ; obn>- 
ration* of, hrtheBsl[s.:<;7: (,i Buitd. 
fltlK; QueiDi.Hi'7 
n'l8 ; Hall, sin : 
Hnygbens, K7 : I 
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▼ourable in 1885, 8(»9 ; Proctor; Mr., his 
work upon, .^i6 ; Batellites of (nee 
SattllUet ) : seen from its rinjf!*, 87»5 ; 
from its satellites, 9U<) ; from Uranns, 
39H ; its sliado v on the rings, H7(), a7«5, 
377; size of,8;V); compared with Jupiter, 
35.'); spot 4 up )n, 855 ; synodic period 
of, l-2y. 
RiugA, the, of Saturn — posMbly np* 
proaching Saturn, 375 ; brightest 
part of, 3(!9 ; bright side of, when 
visible, *U\'2 ; constitution of, 373, 
374 : description of, 857, 8*»7, etc. : 
dimensioDsof, .S75; disappearances 
of. 3i»3, 3<>4 ; when next to occur, 
3<*»5 ; discovery of, history of suc- 
cessive, 3»J«5, 3«}9, etc. ; divisions 
in, 2lU. 3<I7, 874 : eclipses of Sun 
by, 880, 384 ; eclipses of Sun on, 
3'7i5 ; eccentrical, 872 : gaps in, 
291, 874 ; latitudes, whence in- 
visible, 383 ; named A, B, c, 357 ; 
pasi^ge of their plane throuifh the 
Earth. 3«U ; their phases, .S57, 359, 
;«>0, etc.; rotation of, .S72, .S73 ; 
satellites, composed of. 374 ; satel- 
lites threadetl on. 37 1 ; Saturn seen 
from, 37tl : Saturn, shadow of on, 
370, 876, 377 ; seen from Saturn, 
37 »; seen from satellites, .S90 ; 
thickness of, 371 ; when next most 
widely opened out. 357 ; ratio of 
their axes at such times, 3«I0. 
Satellites of Jupiter. atm(»s))beres of. 
34«;; Bode's Liw. and, 3*29 ; Copornican 
theory, and, .'{24; denssities of. 33l>; 
discovery of, .'{21 : distances of, 327. 
32l»; eclipses of, 14. 332. 333. 34^< : 
longitude found by, 3i« : eclip>es and 
occultations of, order of, 3.'t7 : .Tupiter 
seen without satelUt^.'s, .^47 ; Jupiter 
as a sun to, 353 : litrht of. variations iu, 
.345, 3U\ ; longitude found by, 34« ; 
movements of, LapLice's relation 
between, 3.%3 ; observations of, by 
Englemann, 326, 31(;: Flanimarion, 
:«•;; Galileo, 321, 345; Herschel, 
.'J45 ; Jjii place, SiiS ; occultation? of, 
335, 337 ; orbits of, when convex to 
the Sun, 349 ; the diameters of, 327 ; 

S lanes of, 831 ; i>aths in space of, 349, 
M, 352 ; periods of, sidereal, 329 ; 
synodic, 323 ; phases of, it31 ; rotation 
of, 3415 ; Hceii by the naked eye, 325 ; 
seen in horizon and in zenith, 831; seen 
through the eiige of Jupiter, 347; 
shadows of, size of upon Jupiter, 341 ; 
transits of, 339 ; shadow preceding or 
following satellite, :W0 ; occulted by 
satellite, 3.V2 ; sizes of, 32(>, 327 ; »ola'r 
eclipses caused by, their duration, 841 ; 
their frequency, 343 : solar system, a 
minbture. 352 : transits of. and of their 
shadows. 3.')9, 845 ; variatious in light 
of, 845, 84«i ; velocity of light deter- 
mined by, 14, M« ; weights of, 830. 
Satellites of Mars, 249, etc. ; discovery 



of, 249 ; inhabiUnts of, 261 ; light of, 
257 ; Mars s^cn from, 2(>1 ; Mars 
weighed by, 2«J2 ; may be minor 
planets. 252, 293 ; movements, appa- 
rent, of, 258 ; seen in horizon and 
zenith. 25<i ; seen from Mars, 2(>1 ; 
sizes of, 251 ; tiies caused by, 258 ; 
transits of across Sun, 2«»2. 

Satellite of Neptune, discovery of, 415; 
distance, size, and orbit of,* 415 ; in- 
clination of its orbit, 407 ; retrograde 
motion of, 401. 

Satellites of Saturn, Bode's law and, 
880 ; compared with the solar system, 
3H7 ; discovery of, 8«5 ; distances of, 
8**5, 3i<9 ; eclipses of, 38>< ; lapetus. 
variability in light of, 892 ; latitude* 
in which visible. 388 ; light of, 389 : 
p::friods of. 8<<5, <J8<J : rings composed 
of, 374 ; rings, where hidden by. 3*<7 ; 
rings seen from, 3iK) ; seen in horizon 
and zenith. 3»<s ; Saturn seen from, 
.•^90; sizes of, 3»^5: threaded on the 
ring-line, 371 ; Titan, shadow of, 391(( 

Satellites of Ur.uius, discovery of, 39Cy; 
distances of, 399 : orbits, inclination 
of, 401 ; retrograde motion of, ap- 
parent, 404, 40*5 : its relation to the 
nebular hypothesis, 408; periods of, 399. 

Satellite of V enus, 166. 

Schehallien experiment, the, 20«. 

Schiaparelli, Prof., the axis of Mars, 243 ; 
canals on Mars. 240. 

Schroter, obser\'ations of Mercurj-, 145 ; 
of Venus, 164, 16«. 

Scott. Mr. Benjamin, supposed intra- 
Mercurial planet, 141. 

Seasons of the Earth, 173; of the Tropics, 
lM.5. 

Secchi, Padre, observations of Sun-sjwts^ 
.'{3 : of i>rominences, 81. 

Sidereal and soLir da vs. 222, 22« ; years, 
2-27. 

Siemens, Dr.,regenei-ation of solarenergy, 
46. 

' Smyth, Admiral, observation of a satellite 
I of Ju])iter, 847; Saturn's ring, division 
I of, 34;7. 
! Solstices, the, 176. 
I Specular reflection, of Venus, 165. 
Si>ectrum, continuous, 24; diffraction, 
26 ; lines in, 25; pure, 23 ; solar, 24. 
Spectroscope, the, and Mars, 287 ; and 
Mercury, l,**.-* ; and minor planets, 278; 
nature of, 23. 
Spectroscopic Society, memoirs of Italian, 
drawings of prominences iu, 31 ; of 
Sun-spots, 35; solar photographs in, 42. 
Spheres, crystal, 116. 
Spheroids, liow generated, 194. 
Stations of the i>lanet8, 102, 130, iStj ; of 

Venus, 1.35. 
Stone, Mr., diameters of minor planets. 
277; transits of Venus iu 1<69 and 
1«74. 11, 18. 
Sun, the, in aoogee, 228 ; attraction of, 
upon the Moon^ ^1 \ ^x\T^<o\K3»\i. ^ft^ 



compnrvd with Juniter'i, 4'i3: oeDtre 
1 of Ji - 



, i.ible i( , . . 

freqnenc^r of, "H: dnrntioa of, 90; 
phenonienB of, 4.'!; total of, Aiigiiac 
ISfiSjM; July, 11*78,28! M"r. 1*«2. 
■a; gnumlra, wlar, 43; heat of, 
how maiDUined, 4l!;-light, vtlocitr 
of, and the Sao's distance, 14 ; mag- 
neliain of (be Bartli and Snn-apoU, K, 
39 ; mBleo™ revolving round, 41, 484 j 
parallax of, 4 ; in perigee, 2SH; pro- 



iun-tpotR, 

•H ; drawing* of, 31 ; ernptive and 
iinimeent, 84 ; very lofty, 81 ; tetn in 
•ta;lighl, 39 ; repnliive force of, 44 : 
fpoti on fsee SuiHpoU) ; sabatuicea 
eijiting in, Si ; temperature of, 4E> ; 
tidal power of, 55; apoa Mars, jAO; 
imnsitB of Uercury ncroea, ih>, 150 ; 
.of rena^ J. il, 9, 10, II, li, ISA; 
Yanug'a layer upon, 28 ; zodiacal 
light of, 44 ; tones of ipots and pro- 
minence*, S3. 

Sun-fpou, SI ; i^donee in, 35 ; draw- 
ings of, ilA; compared vnll) tboae of 
JiipiIcr,Sll, 81'>: lal^eS; maxima 
and mlnuna of, 37; origin of, 84; 
alft-cted by the planeta, 41,433; abow 
•olnr diatiirbanoe, HU ; ipecira of, 88 ; 
their relation to the weather, 40. 

Swift, Mr., lappoted intra- He rciuial 
plaatiT, 142. 

Synodic period* of the planelB, 1*29 ; 
minor planet*, atie* of, S78. 

Tacchini. Prot^ prominencee, drawing* 
of, ill ;Sun-*pote and facnls, drawings 
of, 8.1. 

Tebbutt, Ur.. tranul of Hercnrr, 153. 

Telescope, the, power of the, 82"". 

Temperatnre, the, of the Moon'i surface, 
80 : of the Sun, 45. 

Teneriffe, the great crater of. To. 

Terby, H., drawingi of Jupiter, 31D. 

Tliomion, Sir Wm., solidity of the Earth, 



235 ; and the solidity of the Karih, 219; 

tidal power of the Sun and Moon, 6a. 

Tiuerand,M.,ODiiitra-Uercurial plaiieis, 

Titan, shadow of, upon Balom, A91. 
Tilina,lnw of the plaaetary dittances, 123. 
Todd. Mr., obserrations of the satellliea 

of Jupiter. 847. 
Traniit*.ofVenas(ueK«<u);of Mctenrr 

iaee Mircary). 
Tropic^ *eft40D* of the, 11)5. 
Trouvelot, Mr. U, dmwing of Jnpiter, 

aU7 ; of Satnm, 370. 



Ultn-KeptnDeau pUnetn, 415, 4i<-. 
Dtsnue, axis of, )t(incUiiatiDi],402,40M : 
Bode'* law and, 398 1 diwoTerjr of, lu 



TailOQKor, 896; orbit of, 898; perturba- 
tions of, by Meptone, 410; prored to 
be a planet, 804 ; plauvia, the, nces 
from, 898; rotation of, snmxned. 
898; SBt«Uil«l of {■«• SatiiHtai: 
shape of, 897 ; liie of, VT : sOUc hal 
anirilgbl npon, 898 ; velocity of, 397 : 
weight Of, 397. 
Velodty otlight, 14, 848. 



«'. 



daylight ohserradoni 
of tranaitof. in 1B74, 11 : eton^aiiea, 
ffrmtesl, of, IIS; habitability of, t<i»; 
fHmiVrE ecn(Iiw(rf,lGe; monaM'iit on, 
I'M; namnenrly,of. Ill); orbit of, )i«; 
patb of. in leU, 138; path of, .nn 
from the Eulh, 104 ; piuww of, 158 
iU,.124 ; rotation of, I«J1, 170 ; aaielllle 
of, 16ij ; sixe of, 1(5; sliecoiar rcllecliia 
of, 1119; when sutlonniy, Wfi j aynodio 
period of, 129. 

Ten Dis transits of, S-li. BUckDropAhe 
lU: oootaci pheaotaena at, 10; dalai 
of, 2 ; Delisle, method of, 9 ; duraijoa 
of, <ij Halley, method of, 9; in Jon* 
and December, IW i pfaotognc^ of:. 
12; resnlK of, in 1874. II. 

VeslH, minor Flatlet, colour of tidU 
of, 27M : discovery of, >il9 ; ■Il«tatica of, 
207 ; Olbera' hypothesis and, 2M ; r~ 
of,278;spcctnunof,2T8j visible tot 
naked ey.-, 270. 

Vioo, Do, ubaervations of VentM, lit*. 

Victoria, minor planet, 92. 

Vincent, Mr., supposed intia-Hetcnrial 

Vuge1,Dr., the rotatlonot Ventu, 170; 

spectroscopic obeervations -' 

planets 27lt 
Watson, Prof., supposed in tra-Uereociil 

planet, 142. 
Weather, the, and the Hooe, Oil ; utd 

Snn-spOU, 40. 
Winter moonlight in, »i. 
Wolf, Prof., the 8un-ep.>l |>eriad. 3 
Woltin*. on inhabitants of Jnplicr, .... 
Wray, Mr., drawing otSatum, 871 | sq]^ 

posed iDiiB-Hai«Drial planet. 1(1. 
Year, the lidenal. longib of. 2i7. 
Yniiag, Dr., revenal of tli« suUi *p(» 

iram, 27 ; on Butr-spoM and promt- 

nenoM, W. M. 
Zodiac, the, lOA. 
Zodiacal light, the, 44, IW. 
ZJlllner, the albedo of the Moou. 168. 
Zone* of SiiD-np>iU and promincucvs, 81, 



